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(54) FUEL BATTERY 

(57)Abstract: 

PURPOSE: To simplify a feeding system while simplifying the 
structure, to maintain high efficiency, and to achieve reduction 
in the size by feeding liquid fuel perpendicularly to the stream of 
oxidant gas when the liquid fuel and the oxidant gas are fed to 
a stack, in which a plurality of electromotive parts having 
electrolyte plates are piled up. 

CONSTITUTION: An electromotive part 4 comprises a fuel 
electrode 2 which is an anode, an oxidant electrode 3 which is 




a cathode, and an electrolyte plate 1 sandwiched between them. The fuel electrode 2 and the 
oxidant electrode 3 are formed of conductive porous body so that a gas such as the fuel and the 
oxidant as well as electrons can be channeled therein. A plurality of the electromotive parts 4 are 
formed through a separator 5, to form a stock 6, which become a battery main body. The separator 5 
is also formed of conductive material so that it can function as a collecting plate for passing electrons 
thus generated. In this structure, the oxidant gas is channeled from the lower part to the upper part 
of the stock 6, and the stream is smoothed by using the heat generated by battery reaction, A 
plurality of feeding grooves 7 for flowing the gas vertically are provided on the surface of the 
separator 5 abutting on the oxidant electrode 3. 
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fcfcg^EKUfciSSo-CttttU ft&}?©*I*ffi©&# 
[0 0 5 8] Lf:!)!ot, C©ft#1M£^fc^ffii 
[0 0 5 9] ^mwimzmMih U< (4ffizM4»R£ 

~yy#t kp^/k s^ssk $ 
©y/nR{b^*& t<mmx$ s 0 

[ooeo] SffftiLTtt, @{M5£mi#fC 
©^fc#K3&W©Sg*ft3!i*tfS# bft 5, HftcitS^f 

mfifKt ttit y* h ^*at4@f*^^«*at l 

£ : Nafion( 3KSDu Pont ft® ^USSrW-f 5 

[0 0 6 1] ^©i 5^SS§|5^v^ - ttriij, * 
fc«©vvfft©*fc:t>«*?«fc LTfP^rSttK*^ 



[0 0 6 2] ftK, S©fil1Bt^©Sa£SW;:E^J 

imwtt&umt ^xi-±&mmm^<DMm*%mm • m 
mtmmi a ticx<o mmmm-r 5 urn. Kj^mw^m 
& • mtimm^mit-r6tcmcmmw£t-^hxmm 

^frmmmznz x 5 K-mt^xim-t^m 

1*2 

[0 0 6 3] Z.tltb(Djjmfc&^XnMK<DM 
[0 0 6 4] *t2(cJR©i«J©^4-e*)5«ffiSffi^ 

[0 0 6 5] Wh. *mJH£&^Xi*. tim9M<DWfc 

Lfc ©# b *l a mm* wiiias# & n 5 . 

[0066] S fcicamftWIitftv^H:, 

K^siJii*5 j; bKzaim &mmmm\ 

[0 0 6 7] 

©tt«& 7- A ©ffi^fb, ft b W»c«jtollf Static 
[0 0 6 8] H 1 H:, SSRfflP^Sr 

mm (r / - k) 2i (* y - k) 3tiat> 
«»^^fc««K«Tfe <o , 1 , »w 

2 is it/^b^iJS 3 i o res^ 4 imm Ztix^ 
5o :rt, «W!2*5j;t>WbSiJffi3tt, «t3pK>Bfefk 

[0 0 6 9] ^LT, ±|BLfcj;5ft®aif|5 4^-fe/>°W 
5^LT«*«Jl-r5rttJ;i9, S**f*t* 

*wtttie«gi5 4 oiiiMW^^Ltw fc * 

5±5l-^S$*x5„ ft&\ -hfS-fe^W-^ 5}4, IS^fe 



* mnm 2 *>mwm 3 g f*£«sn« t lt t * 

[0070] ^-t?, *isi^<z)»WA!;id3V^T, 
•fe/^v-^ 5©iiftsi«3 ts-rsffit;, sh^w^ 

[0 0 7 1 ] ^©fcMSttKJfc^StiSlX 

/h $ v ^ it * , m«sjs t 4 mmp\- 1 mm # * © 

©/hJ^©fc»fc#RN?S>5. r©iL&^fc{4, &ft#J 

# * 7 © Mr Bfflft ft * t < *- 5 II ^ #*iJ i- * 5 a* , 

£3W<ftoT/J«i£t4^iJi:/<e5o Sfc, SrafWffi 
L-CflHfe«r#< 1-5 i:, #*tt*&*7rt-C© 

fcaSBMfcfc 5. ftot, *7©|giLTi4 
0. 5~2 0mm@a^\ */"c?f 7©S£ i LTi40. 2 

[0 0 7 2] _hi£L/c4 5t-, rwllftW^tSi?^ 

^Fffl-fe^u— ^tiaf) £fflv^::i:i-4?), 4 9g&n c n 
jSft*B!l«1-5 :tm, /J«ft 4 

[0 0 7 3] lELfci54ft^*fflt/^-? 
5!4, 7L©*v^JRStf^L.T*>J;v^U *fc#?LSr 

}4, ^MStfWKflsSIS 3 tftAL4v^ 5 ^-t >- 
Z-Mtm-*^-* 5 ©M«HJ©ffi*5 ±tffiMbSI«« 
©ffi©'>fc< tfc-*©?LSr*C^i:^jf*LV\ 

5 ©?LSf4, SHL3«3 
£ ftS#?L«#©?L® 4 "9 A § < £ t L 



[0 0 7 4] 8m^J#*«S«7©^f4, _h» 

5%©T-f4ft<, H*.tfH2fc:*-r.fc5fc:, 

- 9 s i4, imj* 3 w\mim-xxwm 7 &m n & 

ti5i*t> MS 2 Win hmmm 9 SrKtt 5 fc # T? 
£3 0 Sfc, ^^Hftffli?^W-*5 (8) fcltffc 
7 fcRtf 5 t Kf^iJffi 3 KhmtM 
^SrS**lRlK:«-t1»SrKfj-5 i 1 1> WIB-e&So 
[0 0 7 5] _h|B Lfc* * y ^ 6 <D'pt£ < i <£> 1 OWffilJ 

^LT, J:I2««W«AS& 1 0rt(c^A$tifc?«f« 

j-frt<nm£tm.m i4, ^^y^6©flnsi!s^^w* 

V 6©_hg|StL<i4TSl51-iS(t5i:, ^^y^6©«5t 
^tfftTlWtiJSS. 4oT, ««»^ASSl0t4, 
6©^Jlffi©5*>, ±Tffi^^V^fc4 0CDffi(D 

v ^-ftifricfti o TKW 5 1 «f b^J^'^ ©SfcM t HE 
Sf6.fc5fc#lSl (Hf, x^IrI) tflS!»t5ifc^fiB 
XhZ 0 W^AISI o«p©«ffj»»ft^tf 
*-C^ ^ y ^ 6 ©«B*> & MS 2 Kftl&i- 5 fc * 
f4, ±|ELfc4ow^^i7^«Bra5*>, ^a«§|5 4©iffi 
ffi^«&$Jt5 2 0©fl!|ffi©'>&< tt-* (Witfdl 
I4a) tfiot, WmKl 0SrKit5„ 
t5^>, J:fef«f*W*ASS 1 0 }4, 7s 9 y 9 6 ©^-Jlffi 

©5*», mmm4<D^xm^h6m, mn-r^tm 

i|SH12©aan^^ffi-e, ^oSftffl^^©«ni;W 
lcE*$^fc^*< t h 1 o©ffi4 a iCfftoT, IWtffl 

[0076] itibiaot, ^{^J^^©mSrPl« 

t6ri*<, »« 2 ©isw^ffi t m- 5 

«JSti-5 n t s^MjSaK i o ^ ©W« 

**£^1T*Tflm»Mi 2 (c#t^-t-5 r t as WIB i: * 
5. ^UT, r<D^JSM<D»SMi4, ^{^ij^^©#t 

(z^7^j) t««»©^^S/^6Sffi-CD2»A 

ft-r5rtasT^5i:#^, «ii±©M^as^^<, 4 

[0 0 7 7] ft jb\ JifEM«AK«ma» 1 1 (4, 7 
9y9 6©»ftttftiS«t#ili LTt>4lM., Sfc^iJ 

S*ftSt©-Cfi*V\ fc£U W«Alf§#««l 



1 <D* 9 v V 6 Mm tm-f Slftjm, «*K©£»&6& 
Cfcfclc, |&RSixrv^Jtixtf«e>j5:v\ rftti, til 

iffiMAMiwi i ufo%mmmx°M$L\,K. 

9, fc5V>Ht«*WAaS«^«S«-l 1 t^^y^ 6 fc© 

[oo78] ±3t Lfc?««»«A^ i o mmiz. £ 
-eiffete § n 5 h <d -e *>n si «t v \ »«tK ^ *» fe « 

#»^A6§ 1 0 Ki«fr«W?H«&i-5*«fe«)-oK, 

* 6 <d m x 9 m^imim:mm?^? ^ttftfm 

m i o immimimt^mA-t s r t ^-et s 0 «io 
^Sfci: LTii, w«s«as§ i o ©^t^-e, 

ittfi, «»lfi£* t WM^ASS l 0 

t <o&m&* ^ v immpmA® i o tiait ^fdt 

ft < ft <o , f ii x. ii±ta g r a t z>t, m& 
9 >t ommmm z a&fcRj&r 5 r. t s <t ^ 5 
a. 

[0 0 7 9] «#«mi*AK 1 0 ^w^tt-^-f si- 
ft, mmm<rmt^mm^jmmm 1 1 

(f>, fCSf) £0. 2~5mmSati-?,r idSffSl, 
V \ ASS 1 0 <D ffi ffl t tfS 0 . 2 mm*« t ft 5 

3„ iSfefc, Wfi©f3ftftft»llllJt»fc|Rl!:, 
5»ASSl 0rt©?«f«»i±#fcLT*|iclcft5- i^, 
flflftfctf 5 *«#^#Jt-T 5 t , ««^ASS 1 0 <D 
ft«M:/h*v^^#?ijT&5„ Sfc, ^«Al£ftii$* 
SrtttlLT, «#:»*Alf§ 1 0 ©KM t (4 3 mm 

[0080] tcfc u ^jiximmMmAm 1 o ic* 

A $ ^xfc««» Sr , 3lt«tR?fl^«Aj 2 
HUfcif&l-SfcftfcH:, $#M^AS§1 0<75^«Aj<t>9 
l8Wl2~©2&fly!j©» 5 as** < ft 5 «t 5 KK)&f-5 

»StLTfcJ;i\ £0>#£\ i:fe?«f«S*AS§ 
1 0©B8Mttt5mnS:S^-C%J;v\ ft*5, 
ASS 1 0 ©ftte, ^ y ? 6 co{ffi|ffi(cftoT 1 oicPI^ 
$ *L5 t © T?ttfc < , * y * ffllffiC 

«ASS 1 0 5rJfM-T5 r t «TliT?*>5. 
[0 0 8 1] *fc, ±f*bfc i^ft^ItlS^V^ii, 

9, »I«^^^^^-T5^tr% «»(0#S)^« 



ds&So ^©i5ft»It^il, W*M#A1^10 
t»«2-(D#t^95, fc5v^ilWS2 gf*T-fei9, 

ar±^ft< it l#«±l4g«£fSKn?§5fifc-r5;: 
t^M*LV\ Sfc, W»«^^^^^Sf«»«A 
Sg l o -cDffi«»»«^tt, ±» Lfc «t 5 ft i ^^T 
^v^^wrtff#r««»^ffLffl1-J;5ft*^ 
tUTti^U *fc?««»*ASSl o«)^f*-e*8 
»£3l#ffi1-£5ft«*i:1-5rfc^t5 0 

Mfyfomawtm mmmnmx^ io<om.m imm 

S^ftv^s, ^t^£3#^i»«fflfAKi o» 

es^ i ^ mmm? > ? © w n m m 1 < -r 5 r t # 

[ 0 0 8 2 ] Lfc £ 5 JfcSrffifc iot, 
ASSl 0(^t^A$^fc^MS4, ^t^l-i^^ 

ffi 2 tftie $ ^ 5 „ r ottftjtttt 2 «k§ 1 1 a 

5*&. #?L«frTfcS«WS2CD?L^jilgS^:fc, 
W^ASSl 0«ro»«2«ffi^^>ft< tfeftro-ffi 

< ft 5 H^^ 5 -Cft < , tttftOA 5 Pffi!|-C*f 
»R«*JtfrrSfcft» «#:W«AK 1 0 A»63t< ft 

[0 0 8 3] ^WI 2 t ft 5#?L«fr»?Lg^(^ 
m»«ASSl 0^©«j«W^?l*^#5t>»-efcti 
li«t<, Wi-PgS$ti.5fe»-t?i4ftV^^, ««»*A 
Bl 0©RRMSr#Jtbfc±-e, 0. 2~300/zm@ft 

mvt<Dmmtte6iL<Dw.mix 3 5-8 o%@ftti-s 

rtaw*bv\ ?LSSr0. 2/xm ±*)/hS<-t"5 4:, 

»«2»m^HSitft'9, Sfc3 00(n&fijl5 
t^f**M£TLTLt5. ?Lco#:»^3 5 %* 

ft 5 i: ^?L»i^« 0 , $ tifc?L^Ji ?L 5 fc 

3SiSW^ii<ft5t*t»ii^a||t^5 o 
i'tt, ?LSi40. 5~1 0 0 M m coffiffl, *fc?L«#:« 

[0 0 8 4] Sfc, «»^^f^-ewt2rti^l 



-10- 



ffi£W©Mffi©'>ft < £ fc-otrPSft-TS r t tmti L 

M©ffii&£»fliiJ-r5J:T*S<*r fc«s»4 LV\ 

[0 0 8 5] »M£M*2ffiiJf^l£iMffc&©^ 
f^jtLm ±3£Lfc»«2 £ft5#^Sftgft© 

5 2 ts-r sffit, 

it, n <Dmwmfmmm 1 2 <D^ts^m lt«™ 
2 Ant §1 1 at? i 5 r. £ *> wiB-eib 
5 0 ««fl-*Aif§ 1 0 />ft<£t«fr 

BWtt^S 1 2 ««| £ ?*f«»^sESit-t-5 <t 5 
KKrtSfe©i:-}-5. ?W*»f#t^f 1 2 ©^ff 

2 t^s^LSfrif^^tf^t^ffl-rs 
r£^ti-c&5 0 

[0086] ±.%mimm&mi 2<omttt. 

<-T5^^fe5 o t l*1 2©^^»*2©^ 

Hi 5 ^ t , ?««»^ais 1 0 *<om#m&n. 
immm&m 1 2 1* t s n a t © ©, 1M2 
t 5 r t a* -e t * < ft 2. „ 1 2 

©M4, ^V^HIW^w-* 5 ©#$**»£*£ 

2~1 0mm©ffiH£i-5i£^*bV\ 
[0 0 8 7] 1 2 ©fgtfS 1 Omm^^X^ 

£ 4ot, ttttM#KKi£flt 1 2 £ffM Lfcat*as4 < ft 
3. a»fc, «12©«!JS0. 2mm*ii£ft3£, 

ttiRji-ts t> ©©, f«frW©#t^^s*Rjstiiv^ 

«©?£££ LTf±0. I~2mm©f5ffl£-f3r 

*/J«*Pl*-T5^ £ £ft3» £ «©«££ 
v^5£, #ffcLT«&fcft3fi^T'ft<, Wftfctto 

-c^srfs-t-sis^H^&afcjf), ?#©§!£«: lmm^r 

£1-Sr£^j;t)$f*Lv\ SfciPKotgfi, ^#ft3S 

^Jn^rs^;e&!feg5jttsr#<-t-5fcjf), 5mm^T£-r5 

[0 0 8 8] *fc, ±M««*f#^*l 2 ftftjft 

mnrnxm i o K%<D%mt)Vftft.im*m7<*z&& 

fctt, «f»»«AK 1 0 ©^S^ i 19 

1 2©^f=^©!S5^t<ft5J;5f-t2£-f5o 

i 5 ft^*©ntt, m^mcmmmnmAm 1 o £ 



fgf«Stt^« 1 2 ©Brffifll, *J it>*ir/^ u- 9 5 ©# 
^«W£B»*ASS«)*a» 1 1 ©«"»-?&* 5 t> ©T* 

isl< (4««^*ass i o <omn tios 

2©*S*3i^$©/>ft< 
S<-T5^£«W*LV\ roi5t. 
1 2©?fmi4. »«2 £ft5#?L«f*^«f«»«A 
Bl 0©^?r#a;L-fc±T^S-r5t>©£-r5o 4 

mwmmami 2©?#tm, i»j#xtt*&«7 

» 7 ©16*5 «fc trai $ ^««Wt^« 1 2 © ^h «t t) 

1. i~2o§est/i5j;5i;iSt5it«tL 
i/\ $^ica*u<i4i. 2~i offiFea-e&s. 

[0 0 8 9] J:|Sffi«»tt^« 1 2 ft, Lfc*^ 

l!:Krt*utHtf*e>!!cv^©-ef±*<, SK*^ (z# 

IrI) ^[^^^oT45S~90ft©|5ffl-t1fittTffM LTti 
p 0 tt'U ffit^At<ft5£, Sf*M«^»12 
©«*«*^*< ft 5 , ^Hff(t#3!)ftM«^lfS{4« 
#1-Sr£(rft5fcfe, «^£ LT}±30*J^Tl--r3r 
£ LV\ ftfc\ S«c«*HSA» 10^?y^6 

© 1*1" [At \^Wl it 5 ±g- A- r± r © PR 19 X- ft v \. 
[0090] r©i5t, ^^v^/v^-fe^w- ^ 5 

c £ tc £ o «wi 2 <r>ms>^mt> bmtmmmPt 

«2IC#M&*H5£*^ *12^iiLT»«2©« 

1 0 rt©«fr«»^, £ -mvmKmam 2 t-tt^i- 

5 K«ftsSlitf^ttiieflf 7 £iS« 
1 2 ©^?rJfM Ufcfc©l:ov^Si Lfc 

2 *s iuwkffls 3 \cm Lxm* 

;wrgtLTtii\ r©£5ft^^}±, W^^^* 
/HB t # * ^Sii $ * ft V SrftB L fc <9 . ^ ft 

mmkmimx* t <D&m&mst. 5 t-rs. ±tc 

g|SD a D ^*©«, W^Ti4ii9-«©/J«Sr^ 
[0 09 1]it f««»«AK 1 0 2 iC 

xz^mkxz < fts„ ^m&omimm-tt-tzm 
ffi©^a^#ar\ wts«ffin:Bifnffiaesr8s:tt5 n £ 

^#a-e&5 0 -Tftfc^, »«2©#?L«f*^fB^ 



-11- 



as-eta,, rait* 9. »i»oBi«t<tw 

£*LS#©£*L4s&(£T£*#^ £ 5 
5ri ^W* U\ ?«f«»¥ASS l o iS-TS 

2 ©set (4, is^Sfjgo^figtc ± n wttmm> 

A P * v ^ £ 5 t-r 5 - t #33ST? *> So 

[0092] t;5-e, 2 1±, hmk^sj^ 
-c tafc e> * v \ wi 2 tis it a ii«ii^ifeiid4-efe 

tt1-5ffi©*ffiSr^v^-r^ft«^ffM-t-5o £fc, ft 
1 2 rt£SMfc»IK£Stt5^K*5^-t 

[0093] sfc, wM^Asg i o ^<D : <mmm<D 

[0 0 9 4] r©£5*iWt;aaK©^*fefcLTtt. 

[0 0 9 5] ±EUfc#3«6«K:38V^-CHt, ftv^^ 
3fEffl"fe/"« U'- * 5 £^ L-Cj|a*S|5 4 Lfc* y ^ 

%©T?ttfcv\, flill, H4(^-r«t5i^ S#PfC«i 

2 i SMfc&HS 3 fc L/c«H®f |5 4 

MtJf LT^^ ^13 ^«fiSc-T5 r i fc BTtg-r-fo 
5„ r©|g, g£ftffl#*#t*a*7S±, «xJ«4f^L 

E6(^-f±5f^ IMJffi 3©««R«1 tm 

wtimwxmzm 7 nmmfim 1 2 i^m v 

X^f£<bh^\ i©£5i^ «»2^^JS3 

imm. wakMxxmkm 7 sr^-t- 5 n t k £ o r 

£>«#•©»£, -r*t>^fK#:»4«AgSl 0^!4, MM 

T, JilSWfigt-fSrttJ;?), M£iSc££<9l«-r 
5 r t Sfc», £ 19 -f/J*S05rtm 

■5. 

[0 0 9 6] *fc, Ji|SLfc±5t«S»«2tl6ft^I« 



r. t K*5fcftT»fc«„ _hiaLfc^ftfflS3-©«f« 

1 1 * 3Mp £ 5 ft* * $ t n tf ft e> * V v*-^ 
5o *©£5ft®^i4, ^ffl^^#t^«7^|sfffi 
2Jfc iiiMWJffi 3 © 1 $ ttTV ^5 t 
frbT, Ifti 2 tft5#?LK#:©^SJffi3jfJ©ffi© 
?LSr*lf««t^o fcfcU ^ft»l3»KiJ^^#t|& 

» 7 *ga:tt s*a-, ifefusuffi 3 ©s 7 < 2 fiij 

©ffi©?L^*v^-etJ;v^^, ?««S«^j^^#t^ 

s 7 ©fiijs^a Lxmtmm 3 tgAtssstwfe 
5 , r <D&&temmm 3 ©»« 2 1 <dwmm*s <t v 

Kf^J^"^ 7 © Wffi©?L^* C r t i>W*. bv \ 

[0097] ±m^m<^mt lt[4, jams 2 
ftsife 3 1 'mm^m LK^m&x?') it 

^fJLfc^ Steffi(rW«^WfJ^©*PXSr*L, ^© 
|rf4*^-tr-A^u— iftr J; <9 SRffiSr?§Il 
fb^J«3(cjfMi-5»^l-[4, Mtl2 t»^M*3 t 

[0 0 9 8] JifBLfc 
tt, v^f*LtK(WIWW7J»l 0 (p ©M#»as#?Lff 
#-C*5H^« 3 ©ffis^«ft?ft« 1 ojfflSUfcSSSS! 

-Cft{t^«^^Sr«#»« 1 !c^^tftv^fc^^), ^© 

ffl#xcoas&^W*^*5^ttft5o Sot, 
S^IWk^JS 3 ©ffiSJd* A 5 iitf © SrSS S> 
5. 

[0 0 9 9] itfb^J«3^©«#:TO©ftA©[5j5±», 
S*Wfcf4itft»i3 tft5^?LK#:©?LS^, 

t iA* ft^ «t 5 ftAt $ Kf|i!l*miJ*«fc 

*v^»a-ds&5 0 n © J; 5 ft«^©?««»©ftAKih 
i±, M^ii^ftfflS 3 ©r*#;W*AK l o «©ffi©?L 
^ *K & 5 v ^ 3 ©?«f«»*AK 1 0 

7^y?x. #«*#©«, JS, SS^^fliJffi««Lfc 



-12- 



[0100] a#©«fbsi*3©«ffi*'>'-/i* 
& ±t/m«»« i ©fliffittefltr a i 5 1-, wffi 2 1 

y^;«t^ f-* 5 i -ev-/Hat» 1 4 fcifctf 
^feSSipif e>tt5„ ->-;vWl4^e 

fi!t1-5o *:fe\ ->-*Wl4B, £>TL<b$*fffi2fc 

fc^fc m«»*2M(^3^fc9, fc5 

W4@t{[;»l3 ©fitlffi©*tfiS5tP £ fc hX% 5, 
[0 10 1] Sfc, ir^L— 

v^^ttt, Mia s s t^-fct 5 mxm 2 MKW 

8ft J'-ZHflSW 1 4 Sr«tf £ fc K ± 0 , tfMS 3 ©« 

u i 4 sriwkffls 3 ommowziiktsz. fc t>t?t 5. 
[0102] tr?.T\ um%4%mm^tc*$y? 6 

(1 3) Til. jE«^4H<o«^;tt*gEttSr*ft-t-5fc 

ft. **s/*6 (13) ft»«»ft»tftitnHr*fe*v\ 

r©#3\ ±fa^-^Wl 4Sr^A#tt?r^-r5WS 

(«T, **y*W/*SBi&i:B1-) Ml£«A,fcV-^S$ 
fi- 1 4 # =r A#tt«j{r«3K-t 5 r. fc K X. 9 , ±IE Lfc* 
ftttfcSHKfc**fc#5 £ i as-c* 5 fc ftttjftft 

[0 10 3] t,, ^^y^«j*«p l aMttttfH-«' 

tl\ci. 9 «frjT,3 * * s> *«/£3l5iS.©ff: $ J; 9 »(m 
f4\ y^fllfiltlflSfp tPW^i|s|-t cDMlcBeWiSS-Ct 5 

J? $ fls-tftt:: i 9 «fc>ii 5 * 9 v 9 Was©)? $ «fc 9 

wmi*, ^^y^e (13) im*>mxh, mm 
ms^mmsm 1 ^©mtRtw^-ef -c, mnwmm 

-C3b*tfi, *^Wftg?* fc ffiftM© <>-yKD Mi i± «r 
ffi-efc 5 5£ISfc:H:iSS8l$ 4 lasfiroj? £ sris^-^ 

[0104] rtL^tT, xfyirmim&mz&tt 

->—/umt l 4 }c ^A#tt£#fci±3 n fc £ 9 , * * 

(13) zmsbtttttzm^-sumtti 4<omm 
x\ shorn tst ->-/vw 1 4 coi? $ © 

5 0 =tj*wmmti,xt±, Mi«4JA^f7DyS 



[0105] Sfc, J^LfcJ:5fc**y**j£ffl5i&RI 
i£v— /VS^l 4***tf*S\ I£ftffl*3^©«{«» 
coftASr $ ^ mflHSmB&Jh-f- 5 fcfcfcBu H 9 K^-fJ: 
5 Slft£tti 3 fc S^/HflW 1 4 fc omicll 1 5 £ 

ml, i^-/HBJwi 4 tmmm3 t^Essu^ 

bw-^ m^iif k^js 3 1 51 1 n s © *iffi it a r t ^ 

mmicir?) iat, mtmm 3 ©«s<o?l£Sc^ t -e& 
5. 

[0106] fc*S, ^ft^tl3 ©fS«»*AK 1 0 fc 

-;vttt LT*fflLTfcJ;v\ r©±J^, ^HM*3-. 

3 ©sa £ m«iK««- tout BSM Sria (t 5 r t ^s$ f 

[0107] r6r% gi 1 fti^uii9 Wov^Tte, m 
nm 2 , mmsm 1 *5 it>w^j« 3 ^rnxmi-x^ 

m©S*ffi^fft*l«t LTfciv\ Hioictt, M 

S2 tmrnmi t <vmkmmikx'hzw&z>i<-t<, 
ig^sit, ^^fts 2 1 tffftK 1 fc ommm, t L < I* 

KftSiJffi3 fc*«?H« 1 fc©g^ffi©/>^< fc 

2fc««IK^l iroS5»ffiasjBE3»SrL,-Cv^5ii:asj;t) 

[0 10 8] Sfc, *»H©«Bft«»K:*sv^-rB:, $b 
l»4e©m*K«t«-t5ffi(c, sa*Ha©jt&»lt 
5iiiao> «fi-S-ecoi««W©^?S^ fc J; 9 

[0109] ^mmommmmi^^xix m^L-tcx 
o\c^ *9v9s (13) immumomnmtmm 
&mi%-r 5 fc * lowftttttfc ttnn * e>*v\ r ©»& 
wwkh:, «©TO«*fc^«/£^^affi-r5ifc 
fcRrtE-efcsa^ g 1 1 j^-f i 5 y >; 1 6 sr, 

«&t4 Sr ^ L * >o ^ A #tt Sr^f 5 tt P<X MfiL L fc «J& 
ttfef+ttSPW i 7 -CHS »ft (t 5 i 5 fc f 5 i fc 
"TfgT&5 0 r©J;5^Smi«*ftltWi 7^fflv^5 

rfciri9, ^^y^ i 6<nm®ttv%m%icfr^mm 

icfr5-fc^-5rtgfc^5 0 
[olio] _h|SLfci; 5 (cS«M*#(tW l 7 
V^5B, ZOft^mttxjry? 1 6tr®*#it5fc* 

ffi^fe#itaWl 7 5riS(t\ tO"p^?y^ 1 6 ^# 
ALfci, «*W»ft»t«|Sfl-l 7 SrJEWrv^^&jUac 
L, ^A#ttTO©m7E^^^^ 1 6 Sr»»ttlt 
5„ r©#^. ?«#»SAS&1 Ott, HI ljc^-fi 
5t-. ««fe#(tSKWi 7tlS:^tTt>J:^^U 
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[0 111] tr%TJ, Jifabfc^A#14Sr^-r«WT' 

jfMbfca«ffi*#(twi 7», itfM©#^»i-c^ 
L/t7< * y e>T , *«©*»«» k« 

timpmm<Dwm&gL£x±x~h?> z. t 

ffl1-5»a-^tt, JiiELfc^ ^/-/v«WiMl£ftC© 

swift, r^#ytt®M«««Eft, t^vt 

ft, «i6^^M«)P4m?l!i^@f*S»K«»S?lll^^ 
[0 112] Ji^Lfc^A^tt^^-r^r^^Lfcm 
ft, w^aai 2^-ri5{^ BM^ffi*3i 

feZX±'<u—9*ft\^XWkWi^tzx9yi'l 8 © 

[0113101 2 "eft, ^^i/^ 1 8©4jaBtf>£>« 

S J; 5 J; v\ 1-&fc>*>, ^s/^lSSr 

»©ttft5*3$©BWft, #Sft£|S B 0 D M©«i?!6£J;< 

-fS^iK&Sfc*, *r©*f©tfft^Jft'>ft< th*9 
y9 1 SOWftfrffl^boTvyfttfiiN, 0 
13S^f-±5i-, 1 8©»/f^ft(^A#14 

$|5p R B 2 0 a ^^(tfcm»W*#(tg|5p 0 D 2 0 ^5rffli/>5 ^ 

[0 114] Ell 2lC^Lfci5t, *9y9 1 8©:4 
Jlffi^TSr ^A#ttfi-J^-C« 5 *l8~i-ft, eWS&ttft 
SSI 9l4»flRWtL-Ct>«IB1-5o 4 it, 0 1 3 tc^ 
Lfci5^, 1 8©«ffi©-^£|»-t-3<fc5 

*S?fei[S©tttt8Bi& 2 0 ©4§l3lCft, ^coMSfcgS 2 0b 

r ft, mkwmwmmu& zxm$tf-?> r t # 

mftl;JM©tt*tt©fti:£03#l^\ 

m^Ri^-rx 5 0i3i-^ Lfc «t 5 &*hl 

»*#Ct$Pp B D 2 O^&ji-e&So 112I^Lfe 

xo^mmm^nnnsh 1 9 £rffli^i§£-(;:ft, 91$% 



[0 115] Sfc, gl 2^11 3^Lfc«ftJit*6tt 
ftSc R pl9, 2 OSrfflVSS^-t, 7?yM8©tt 

^©fc£>, &fctfyfcttx9y9 1 8 coffi^ffi]^co^T% 

3^, *9y9\ snfiUmmmAxm^tc'ik. mm 

m#>ttltU& 19,20 TlfttltS^iAW* LV\ 
Wfc, 0 1 4 ir^i-J; 5 1 8j;ij*ffi«© 

MttSW*2 1 £, ^??1 8CO»Ji*tR]<75i^ffiSi^ 

it, * ©±a» e> =r A#ttw»d^ e, * 5 warns*** « 

n° n 19 (2 0) -e»fe#(t5^ttJ;oT, ^y^l 
8(0#^g|51 8 a^^S^SrKtA/ffSlffi-etSma 

£ * 5 £ 5 ft*3g©»g\ 09 x. ftWJttMW * * 

ft, x-^n 8 fDmxmm&mz&mfthZo ±tc 
*s«i4© 1 tfeK-e** r t mm U\, 

[0 116] mftlSfe#(tSCpp©«jti: LT[4, 012 
^01 sm^LfctotBBfei*, ±3*LfcJ;5I-, 

KBtTfc^tfJ; < , «A.tfH i 5^0 1 6 ic^-fi. 5 

^ wmtn t w\mm t zm^^xmrnn® 

[01171B15B, ^^y?18 ©«S*[r]©W* 
B(C^^pSliJttW2 2^1Bttb, i|xb»MW2 
2 IHjfc, ^y?l8 ©WffiSra 5 J: 5 * ^ A^tt^iS 

2 3xmm-r^>tm^, ^ty? 1 szmMZfo^mib 

^ ^ y ^ ©as.*'^^ ^'A#tt-e»*#ft b^^rv^tl'ft 

[0118] lILfci5^S©i«ft#Wp n p 
ft, *9y*i 8^^.npT=*-/vK**T?as)nti-^= 

*-^F©±i6»b»ft#»fct>J:v\ i©*^, 011 

ic^Lfcj; 5i-, mmif^f^ft^p^©-^*^^*-^ 

[0 119] ±iELfc#*©SJlMSf©f]-»tlfl5a 
ft, ^^y^«r«S©^t5fc©K, hh^9yf 

Tfft± 5 /h$ < -t-S^S^fc 9 , ^^®*#ft^T 5 
^(^ft, m«l«*#ftap 0 B tr-H.J!S(f, ^©fK:^^ 

■TSfcfei-, 0 1 7!c^-rj; «?&iffi»#ft§l5p?i 2 
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5<Drt«4ffi(r>£(f Sfc£>©t2J9&£ 2 5a ZWlttXiS 
<rt^W*UV\ JifE L/t 4 Pfl©^ 9 ^£ 2 5 a 

^«r««)#tt5rt*S"srtlt3S5 0 Hi 4 Kg* L, 

fc i 5 ^^y?l8±9 ^ffiatcoWJtt§B«- 2 1 &w 
Sffif-lSSU m«*#lt^D 0 D 1 9 i*^;/^ 1 8i 
©Mt::jgj££*i5£IW£*OT L-T, «?&i|J&»tttt$H5i& 1 

5. 

[0 12 0] J^Lfc«^»tttt«i&K:#^3 

^>T7ny|S=*A#j,T^5„ jS«t?tfl©«*i 
[0121] _k*& Lfc i 5 * 3-A#ttr^ * y ? ©/>& 

[0 12 2] #^©»«?l!l{4, «r» L/cJ;5 
i-Mfl 2 *i .fcifflWfcfflM 3 {i*s»t C 

i±, w 2 »MS£ffi©fii${£ii^»5: 

[o 1 2 3] ±3* Wei 5 fc^ftlMfcttSm^Oftfrfll 

(a) »§«l§tt©fi»M^ WfeSW^S:^^ 
[0 12 4] (b) B»^tt©ffl#f*Ji(^ SfctaZ^ 

[0 12 5] _kfB (a)4oi0 (b)©V^-fW^ioV^Ttx 



3ft, ^IxJfPt, PdfOSiliIt*t> Pt-R 
u-g-^, Pt-AuR Pt-SnM. Pt-Re 
Pt-Mo^, Pt-Ti^^ffl^5ii 

[ 0 1 2 6 ] JifB (a) ©»«^L«S»^ ft, @ 1 8 \C 
^-TX o XC, jfr-tf^^T i tfwM" K#©»!f» 
2 6©*ffi 

J:|B Lfc i 5 fc*S*srtfcft*tt 2 7 £ 
■Br, n ©MUftMtt 2 7 33 J; tF&W**^ 2 6©Si 
£SMiltt©:7°n 2 8tlof:t©T* 

&3„ :/ci hye#l4#)jl2 8i±, '>4<rtlSlft 

/eh 2 8 ;ttiot, fiWtti 

[0 12 7] ±|2Lfc7 e P hy-f5#tt«lf 2 8tt, ft* 

mmtf&mx'hZc h>e#tt^Ji2 8©j« 

i in ^Tt-rsr taw*Lv\, Kff^fe*^ 

[0 12 8] 4fc, ±ia (b)©»«^*«e^(^ 0 

1 9 IC^-f X 5 fc, ±1S (a) t |Biai>Sfi«P#3(&^ 2 6 © 
^E!rft#^ffS£*fc»«{L*itt 2 7 *3i0S»fr 

2 9rtlC7°P hy^»l30^$«II 

3 it?«ofctro-e&5 0 

[0 12 9] ±BBUfci(S£?-*y M?-^ 2 9 fcLT 
t ©S^l-ftixS t ©-efelxif «^ ©ft^T-Wft^ffl 

b^e#K^)K3 0(4, BM«tt©W»^fcti(ia^ 
©W»^M ^ 5 r t ^ 1 , «ili7c F ^# 
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/V*yg?©if*|#:, (HO) 2 OP (CF 2 ) P0(0H) 2 , (HO) 2 
OP (CF 2 ) 2 P0(0H) 2 ^©7y^[2-y^BI09S»ft:. 
(CF 3 S0 2 CH 2 S0 2 CF 2 CF 2 ) 2 , CF 3 S0 2 NHS0 2 C 4 F 

[0 13 0] i«i9' , iiS^i'h7-?2 9t*7'a 

b >&m\m9 a o Lfcsia 3 1 ©a^sct l 

tt*«tSr^tf««^*tSA U ±faSffii WlP^il 

0 l^-TX 5 fc, «WI^<73»«^«2 7 CO^ffi^r 

« 5 SfMttt©^p h yfx^14«K 2 8 ^SfMilH* 
«»£*fc?W!3 l as, «fc t) ^ 

Lfc7°pb>- (h + ) (D&mmffitvxmm-fztzfr, 

fc, hW5«ttSr#-r5#JS2 8, 3 1tf, 



[oi3i] m?-, ttmomam—ehzmmk** 

[0132] SlJfe#| 1 

II I^Lf;«Wt5MMft^, EtTfc^T 

5 0mm»#?LKfr^Wi2 t LTffl^S fc#fc, W 
BJEtf 3 0 /zm »P^»#?LW££ll^Jffi3 t Lt 

r^^r-SfifSSi ^«»bfc 0 iixb^ lift 

ffljtf*«*^7©JB*fcaS8i£0. 7mm, ft 1 Omm^fcS 

»^l 0t^5J;5(-aSbT^^y^6 5r#®Lfc o 
llft»S3©?«f«^AS§i o fcg-f5ffi»?L 

0<O^t«Klmm£ Lfc 0 
[0 13 3] rroi 5tLT#fc*S#:«»«fttC, 

^5. E»*2^:ffiir^frM^#t^§^ 

7to 

[0 13 4] Sfc, MMSH12 t*5#7L«ft©rt*ffi|c 

[0 13 5] iS^t^w^Ji^SiJg 

^cLfc 2 tt»««?r, mmomm^ l mmt *5 i 5 i' L 
T«j«»*AK?r^®L, :n&^/^l:S* 

itmm^^mm<D±M-m $ ©^j 5 m t ^ ± 0 4 

«P^SStLT, ^^/-/KO_h#K$^i OmmCDffi^* 

T ^ ^ y -^si^ts* x<nmm t mm ltc 0 %<d 

[0 13 6] S&jc, ±flE«#«R»«ftK:*sv , »r, El 9 

-/HBtwi 4 ^gBB-rs m 1 1 (^-rrt < =* 

A*iO«ft»ftW-ttfflfl-l 7^^y^6 (16) ^r® 



-/Hfl&f 1 4 ©36* fcflfctB-f Sitmft. * fc , * 

[0137] mm 2 

±lB*ft#l 1 t&^Tft, ^^/HftM*^-^ 5 
O^SWOffifc, ^^0. 5mm, fgO. 5mmCD«#:^ 

»t±«r«i 2SrK^5K^r±, mm^mmfmm m 
*ar<b, m&KmimnnmA&nvitk^ mm- 

[0138] mmm 3 

KfTCfEKLfc. *1\ ¥*H?L^2 0 M m ©6 OmmX 
5 OmmCD#?LiMf=t, 0. 7mm, til OmmCDgHt^J 

Lxm^xmitMm3 t l± 0 :jiwi«tfi 1 

fWLft. ftfc\ S»fAKlO©ft!t HtRQ 
1. SmmtL-fc. 

[0139] r co j; 5 ur#fc*#«i|snt»l!:, m& 

tmt lx * ? ; ~/ut%>mwib<nm-£-mzmAi,tcb 

[0 14 0] iffSHcLT, HftffiK© 

3»**3 J; 1 4 w3b*SrflMg Lfc H 
*m i^«tiy?ftfe^#P>ti7t 0 £<b(c, ^ftffl 
«3icKft^^tt^*7^^LT, ftftftftftfttt 

[0 14 1] **IK(-t3(t5»«fttt*cOj|fr 

[0142] mmm4 

mmimM'DWMmb lt, 100 m 2 /gcojt^tsis 
^^r-rs^as^mtt*-^^^^ s^vuican xc- 

72R«£, *tiS?H« 2 0fi*% 

abS^^i'l 1 7 (ffi B ° B £, 

^^L/f^y^f^^^ (t7^iyi 1 7%mkT>V 

(fiS^o. 0 111%) Srfflvvc, flEffflfjii m« 



[0 14 3] JilaL-fciaftftfeKS:, *!Jrh77Mn 
xfl/y»«TFE-3 0 (BfiB*, T^tfVtfc 

#fffi£*fc 0 rcoftMii; (WiS?t7o%) t 

i1=3 0 0°CT"2 O^feSLTWIfcL/Co »ibtWc 

matt, mswisa (icm 2 ) sfci? 1. 5m g «e^ 

[0 14 4] rro«t5tbT#fc«S)PFffi^fflv\ i>oi 

at, 6 o°ctr»«^-7ir/v#tt^sijstLfc 0 
^©*ss, mfm^mm^mn 0 0 mA/ C m 2 a 

[0145] Jtt£0!l 1 

i-tmxm 0 r t * < , 4 1 it 

01J4 t^«iat«Lfca5, M«copi#a^« 

SI16 0 mA/cm 2 "Cfeofco 
[0146] 5 

4 1 m-vmmitfsmzm. u n co«»SHt 

E-3 0 (jBfifc, T^tf^ttK) tfKfflWSKioT 

» (^)!ftfi*s*-e 7 0 %) wyfh77/v^xf 

[0 14 7] Ji|S«ffi*^Srffl^T, WTt^-T 

tii h y 7Mp^ ^ y^;^yi&ffi^fc„ 4f, r 

sPVlWl t Fy7;k*n^^7^v*7l2 ; t 
m*fi^?(?c7)?£it^0 o C^ft'ibft^e,, 2 mA/cm 2 CD)£ 

mM-e5^rflamL7c«, $5,^20 mA/ cm 2 co^mm 
xioftmmnLxnMM^%n^fc 0 -<dx 5^lt, 

[0 14 8] H*M6 

mmm 5 i tt#s ^t-mmm^mv^ t * 
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IZ&fH, Lfc 0 ftfc\ iftSH 1 * 5/ h LTf±# y T 

= y^£fflv\ Sf^Phyeftt*y^tLti±t 

-ftf-^l 1 7tlEH-r5^B:^I-t Lfc„ r©<£5S- 
LT, *Ur=!)^5'h7-^>fi:t7-f*yil7 

*sfiy#$nfc*jg £*tt«igtg^jiM l, 

[0149] JifEfc «t 9 #fc5dfi«l 5 S3 J; tfSSiKW 6 © 
^^nSJSUfco «i« 5 ©$>»«©[&# 

SJtflSStt 1 0 2 mA/cm 2 , JUfiflU 6 ©E»S®PMHl« 
flfMS4 9 5 mA/cm 2 fc, V^Tftfc#«<KH4K:«V ft 

tttl-e& 5 r t ^ffitfg-e $ fc c 

[0150] fgJtfcl 7 

wsi^Bafc. *-f, 7=yviwit*^ 

7 s/ f 2*/Wl t ©?I£«/^ <b ft 5 iiiM*- 

LT&AL, **« 5 t|SI-*#T-®«a^iSrffofc 0 
r©±5^LT, #5T=5^y H7-^JR*««© 

[0151] z<D£oKhxmcmnm*m\ «>oi 

fee 

[0152] mmm 8 

wmiite i * / -/vrnw^t^mm^ty h * 
yin^i voi%mMLtz^(D%mim^t it, 6 

0 °CS£TMS^-71r/M#14£M€ Lfc 0 

[0153] mtfcm 7 *5 J; t/*JS#!| 8 ©Pg#*rtgg 
(4, -?T^9 8 mA/cm 2 , 9 3 mA/cm 2 "Cfe 9 , V>Ttl 
t> ^ffiWtt luff n, «ttf£ T & 5 i t *SflH8t? t tc 0 

[0154] mmm9 

-tmmz l/c^ot, mmm 5 t h*tji4 0 

«K©^ffi^JfMb/t 0 ft*;, 

-f, 7=^ i) y 1 t/v/ 1 t F!) 7y^a / ^ y^^*y 

8 2 1 t ©ftfr*a» 6 ft 3«#££* Lfc 

Lfc„ ««fi^$:©?fi;t£0 o CW^ft;5^, «^/V 



^«S^fflV^Tjffi«*M*5m ay/cm 2 Tv^VX 
«aM£*frofc 0 I\©ltS©#:#i:LTf4, SflW&*5 
mA/cm 2 , /</\sX.-%"y&4 J* 5msec, /</VX.ir7 & 4 J* 
20msec (duty cycle: 0. 2) Xh&o ^»j;5i-b 

r, #y7=yy*yh!7-^ptitn)7/vtD/^y 

[0155] HJfe^ll 1 0 
HfiM 9 £ Ptttt LTff^ L/cSffiSfl^ffll ^ f: * 

(^Mbfc 0 ft*;, s^H^y fcLTfi^yr 

=-y>£fflV\ Sfcynhyfiitt^Pv-tLtftt 

»m-a-©*#il, h D 7;vtP/ * >-^;v* 
^yil7CiIt5^ffi-tLfc„ r©i5f- 
lt, *jT=!)y*s- Yy-9*?\c-f?-<^y\ 1 7 

[0156] ±iBtr £ t) 9 S3 itfUlfe^ l o 

&Jglt, Ztl^l 0 5 mA/cm 2 ,10 3 mA/cm 2 t?& 
[0157] 1 1 

mtmtmtLit. *1\ r-yyiwit*^ 
7 j/ f bTK^s 2 ^/v/ 1 1 ©?i^«^^ e> ft s nMM&m 

t ltsal, mmm 9 1 ^-*^-c«M-g-^f o 

m<Dmm^B$.Lfz 0 

[0 15 8] ^©i51-UT#fcmtiSrffiv\ 
/HtHfc 1 */^t< ^ / -/vSrJp^fc**g«t h y 
n^^/v*«i vol%» Lfc % © Sr««» 
tU, 6 0°CKTBWI^-7-fe/P#tt^aiJ^L7t 0 
-©/x-71r/^tti4, ^liM7 t}Sff^^©#tt^# 

[0159] HlfiM 1 2 

mmwn 1 t^«^LT^1;ML/tss^^^5t#^-, 
1 ^/naEBfet 1 ^/v^ ^ / —jv%M7Ltz.7mmz--f7 ^ 

±y 1 1 7 £ 1 vol%-S57)P Lfc t ©tr t LT, 
6 0t|:tl»^-7t;P#tt^ISLfc o r©/>- 

[0 16 0] «_hIftB^LfcJ;5i-, *ISPJ1©M*?fti(- 



[0 16 1] ftrt, #3&BH©B 

[0 16 2] 0ffi^fflV^T*IIISIK(rigLfc/M^»m 
[0 16 3] 

0 2 1 £^1- 0 SWiC^WIWff 3 2 t, 

[0164] a 2 2 tram*** 3 2 (Dmumz^ 

1-„ 32BH22 Ki^i-J: 5 

2 fc^i 5 3 2 nmm« 3 e , 

3 7. BMb*JS3 8, ^P>*5SaSB^8fS$it. 
5. 

[0 16 5] g?{L3Mi3 8(4, &^Lfc*t!ft«li-Sfc 

[0166] fjfc. El 2 1 {C*5^-C 3 5 fcfcfcHUtXg-C, 
^1-5*WlilJtKSr^fci-5^fcfe<Dg|5gff-Cfc<9, C 

[oi67] 7K01K ? w y ? mt%M 3 8 

[0168] «»«l&(±»*- h 5 y v?3 3 Sr^T 
ff 5o 0 2 3 MS 2 l(^LfcM*ffi»Srffi[2I£^ 
-T„ *-MJ yi^3 3HWlUW^-<-^4 0 

1©2SK#«U ^ftWS (**IbI«F 
m&lS#fc* (t^tf ) t b ^IsSc-T SzR^rA 

iBzkHUKSrt 3 50^^|±, *Sfl-# - h 'J y 

!4*tIfS*[HlJ|X ? w y * J; "3 t>TO»?L#^/h 

[0 16 9] z<Di.5t£m&&kZZkity 

h y y^3 3-0JR$^5 o *0JR 

i35 &iifc«L4 < r % i < , mwnmxKnm 

-i 1 y^fi j eo«ftESLT*3< rtiJSjKSTfeS. 
[0 17 0] WcDft^^oV^Tt^HeM^ 



U\ Mm**#:©W«AWffitttMti£»S3 4 
SrK it . r. © * \zmm& 5 V M±*»»t^ ft 5 ^ 
y * Sr AtiTfe < „ t±M*»M«l Affi t g 

-<o«Mstt2:«^3 4©9^ y^t#ti(&$ixT^e>, ^» 
BSKft * >r y 9 \%m b feHBfi < X h X < , Mfr 

ttn»M«»m**#:^TO^AS{ca:ffi^ cnt 

[0171] J:^ Lfc i 5 h y y ^f»W 

^ti^»g«^fcfc^, M*- h y y^IJfcM^fSt 
^«tU5*H]i|5lSflJt^3ltBf*li, 

[0172] «±© i 5 ^^-CMott^X^TKoiniiR 

*fc t)*iB 3fWJ ©f^ffl * K § I -T 5 #3t fc * o Ti8 

Klfim»ff)miMM>oX, **K:/hS < *5 J: 5 

^IB^ : L i S^/J^^ <)S5:i ii^ttrcttSffia^t- iot 

lc/h S < ft 5 J; 5 CthB, * HiiRi^o TStfri* 

[0 17 3] Z<om&. fctxil MMBKHc«SK(cnb 
Ttt, <mmLi>4 y ^ («* • Wilt^e if) 
HB?L^^ 100m MS (-y^/v^»^M# 
W Sr3 0/tm S«t1"5 0 zfc©HUlKiglS^H 
LT(4, StfbSiJffi (=y^/i^©^JS#JL^) <r>¥-*m 

b° ) Ii3 0^gati-ci8<;i-e, 

^l5o rtb&w^-ry^w^JBHJLSttfii^S-frS^t 

[0174] *fc, rroirt, ^?L#:co#?LStt, Mf* 

«h?l^ (d) . itmmm (s P ) . (e) 

D= (1/Sp) • (4 E/ (1 -E) ) 
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[0 17 5] JtfBWiff5*W»«?t6W#^0lJ{Ci±0lRL 
[0176] 024 HWHMi «fc 19 EJR 

[0177] ha^ch;, Mfmm^fc 3 2 

- MJ 3^3 3 t**i&*«4 3 fcftM4 4*0HXir 

©S^4 2&a^ft&W;:BBL-C^3o 

3 2ii, @22t^$tb5»m s^taus, sftfCJi 

[0 17 8] 7X«C«*4 3}4, H^Jffi-e^figLfc* 
fcfc©««£iKifrtL-C^5 0 1M4 4 

^HSgSDRttLT^So 112 5(4, H2 1fc*tt;&*-h 

[0 17 9] 4i47R[Ell|X^fcl9, ^fbfflffi-e^l-S 
#?L* £Bae-f3o tKEURSu s^fMMfc 

mmx v) hwmnmi)^<mmmm^W3 2 *©k 

[0 18 0] 0 2 5 \C7jk Ltzfcmi&m. 3 5-^53^x2.* 

Stfcjft-f S©T?MHtt*<, viWHt I/O " 3 ©fit* 
©^HB-C^fig-f-Sfcro^&S, 7KHHK^3 5rt(cffffi$ 
*fc^7Lfr (tKHJiRi/V s'^) (±, #?L**5 0%£Lh 

[0181] 7K©fc««4 3 t LT}4, /J^©«*7 

[0 18 2] 4fc/h^©«i«7r^©**tn-£E«fl:*» 

[0 18 3] 4fcfc-^«|gSr!8»frifi8*ro-^SrJn 

SJ?)ro4fig*SriSfli!lfi<j^W§*T 1 t>J;v\ 
[0 18 4] J£«#a»e,fc3^iR^tt£^fc«ftiS 

-e # 6 . L ^ o -C/J«3b* v ^ 5 «W * 5 ^ i: 

[0 18 5] ^*©-§|5f£(t^k$*5*-!£^f4, 



[0186] 9cici*i,*T?K:J6^rtfcfll^©«Bft«i!i 

-to 

[0 18 7] 7i^HLT(4, M-©*Affl4 5 

ft* * y ^ -f 6 *-[r) £ B£v ^ 4 MS© 5 h 1 {Mffifc it t 
U rojBi»e»*HRj-r5ffi«o*lRltlRl»t, l«fl3 6 

tS1-SmWS3 7^ffiJi6D^^^bM^^^3i^1- 
fc»<o«»firo»4 6Sr^fiEi-5 0 M-ft^Lff©^ 

(CJ;oT^i:7t^^^i4?»4 6 £«LTMc31im 

*t-, BWfe^£fTt3&Wtii©3Wffi4 7, 4 8, 4 9 

[0 18 8] ^f^Jffi 3 8 fc^«^#?Lf*-t?#jt 

Ir|— (Iffi5 0©»ffi©7Lft5e£MSl*L-C:}o£\ rcoffi 
;^©»©itA£W<-„ ibr, «»frS3 6tg-T 
5(i©»^J«ffi^ttEfT-t-5*lRi{-«Sc©j»5 1 ^ 
U r. ©«©^i>v^ft?L£rM Lfctflffi.!^© 3 flijffi 
5 2, 5 3, 5 4^-eJK <t 5 fcJlM LT*3 < 0 -(03 
flijffift^tl£r& "5 £tf7cfc©t ©T?&?K >P?£< bhZ 
© 5 t> 2 fiJB^id* b SlBUiS^; Srffi •? 3itf i 5 t -f 

fcffii:»^5-ocD«B (i©»£% 5 4) d^ai^-f 

©«S£i«#)TMI50S£ D bitv W&Wg££3g£ 

[0 18 9] «_k, ^JSWrollffcSliffit^-f 5*©EI 

[0 19 0] «iaotMtt5»I45I^ 

0 2 7 Ci^-J-J; 5 V V v v= 3 3 oiRftti 

©JSH»WSft*f*3 2©»ttl&ffi^*^-T5«3t 

a, t^mmmkm^ 4&mw£tiz>£oic-tz> c 

*HI«lS3 5iS»6)©fgfBtifi<*5, ff®tt©«v^l§S 

[0191] ^mmw^xhimmftmjjzm^- 1 
[0192] mzmfcrnft^mzmMKb vrm^m 
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Lfc*©JPHR-i!»«EH:S6jI:-Ct, /ML 
[0 19 3] SfcffrieufcJ; 5m, «M4©ttl&tt#7L 

[0 19 4] *5SMroff3«3S»*ffi*i-5fc»©5IW 

s»s t i^tais*? xn^nb mnmK&n £ ^fc 

[0 19 5] 02 8t0^LfcB»llffi©«lffl(i£ 
[0 19 6] *3PJfc#3«»ffifcl£fbMi&J;t>*^ 

tL**o#iSTO©»ftSia«)lMiffl^WeiMI:SI*KK 

ffiLTl^«^©»m*t«s 02 8^$ 

ft SflSfcSMbSHi 3 8 s Bffffi 3 7 , SU^KS 6 0 

sa»e>#fiB$*i/3ieit8B5 5£\ j»B*6S|S|-ffi_hli:*5 
*m«Mt>'^M^, ^ 9 fc£21t^ 5 5 ©«»« 3 7 

tmmms 8&, g^ffl^ms 7-?«^3^tic 

©mmt^-c^ M^p^m^*, *ffi©ra« 
5 8a»e>«MsMS3 7©«wi^#t^$ti5o mt 

[0197] *fcr©flbtt>, pmsojgws&jiTui;: 

S^Lfc«^roTOS«^*(f bns. @2 9(c*»!fi 
RfS4fc-e*> ^ R1Si©rt«^p>»ffi 3 7 3 6 , 

[oi98] i o»ia«*p 5 5 yttmomftLWm 38# 

SiJ©£2«35©rt«mfc5M*3 7 igrf 
ftTfitj££ftT^?, 0 r©i 5 ftS5£©^f*«ffim&^ 

T»i4Rffi©rtWmjfM$tb5^»9itK5 8 



[0 19 9] H4 4m*H^m#5SlJ©»«?t&©*HS 

[0 2 0 0] lo©jgm»5 5ttH1S«-e&9Hffi©l*j 
li^Mi 3 7 . S#SJf 3 6 . I»J« 3 8 
£ftTV^ 0 r o j; 5 ftfl WoiEli 5 5 ^Sti, 
£*&ffl#«#5 7mJ;9i£»g^£ftTV^„ r©i 

5 ft«5g©^»ii«f-*5^T, mm\-znmtk<r>&mim 

7»«ffiffimWiJ&$^5o IMtSI-e&S^B:, RfS© 
^«©, «-S«g|5#jiro»ftSlflEIS5 9^blWtSlffi3 
8itffi(;i{ttji6£;jx5„ i©i5mR1St»t©ia«*E 

^M-<fc*5t©»s*^*3v , m®m*mi%<oAM 

a, i^J«£Hffi©*Wi*38KSfiBU RM© 

^»j©#^mgc#a©»^^^M^tt^-r5#5t 

[0 2 0 1] XttB&ft&Hi 

(^^i-s^fM^©s)S*«m*^a#«^?sA$* 

51i i±^^» TS) 5 , r ft h tfj ir z/femm t * 5 

s»et LTf^ffl-t-sfc*. iKtJifa© i 5 

ipH;?l!l-ett1gifc©fi«§BKlO«En^'b»*^-srii*'b 
[0 2 0 2] roBOTftOBIWS^afcLT, 

[0 2 0 3] *^BJ©»S»^CffiV^?.«AfKji©S^ 

[0204] H31icr om»«rtT?»fft«i»»©«S; 
EISr^-To El 3 l-CMfe^>SJ;5m*3SMHi^5«#® 
S««i^@frm«K**©^^y (/nF» iftt 
n^TKttfe L< il»*tt»S©«tmi «9 

±7k%m^MmfcLxnmicnicRmyomtm<kx$ 

5^«l^*,, ^B^^Jlrt*5J;t>TO«|gffi©^#^K 
[0205] oi^ »4««-eiit Lfc^n b 

(^P6 3©^jft) tuaisns. *fc, ^MSfiijT^ 
9 , *b e 4 © 1 < , mmmmmRximmwmzm b 

[0 2 0 6] £JlJiOj;5m*lfiWtfil5«SlKSttSe> 
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Ml, >f 1 3 fc ^ 5 

[0 2 0 7] Lfc# ot , i»«»»g£ffiv^d»Ml 
-eft, «*&i-5S^*K*tB:*^jaA$-Brfirlt#Sf 

»&/h£ < Ml*. 5 £ t flS-?S So 
[0 2 0 8] #3SHfc:fl55!R*tet> b< ««*14Wi 

ft-e*, ~>y*t Kn<yvK (if7f» ^ 

o^ffc^Kc if ASfiJffl-C 1 5„ 
[0 2 0 9] StfRtLTB:, @tti*i£?e#K 

[0 2 10] SfMM^WMtfc LTtt, 

(jSB D p* :Nafion( *HDu Pont tt» 

^«iAi«±litif> ^omfWi£i*Sl3<D*!SSl5£Z 
[0 2 11] jJtt, »©3SS*T-»ffig|3£5:vM;:E?iJ 

[0212] ^ne>©*ifei!:s8v^-c«!Mtoa 

[0 2 13] 2fcK*eroB«j©B4JcBi-f-53SW^o^ 

5 »ia©«i %nm-t 5 fc * <o h <d x h 5 , 
[0214] *«com4«sKtn-r5ispjti, m.mm 
t mtmmRxf -fob mnm \mn $ ti-itnumm 
z.fzmmnmz$5^x, »«^7/-f^ v9\z.%m 

[0 2 15] -rftfefc^aSHlcfc^TH:, «*f«l©I 



[0216] ^tcifwifttfev^u, mnm, 

HklSllfl* 6> * 5 igsa£«ME^J{-igM b 

[0 2 17] «Tli*3ilffi»^2, ^3S3j;^4CDg 
1-5. 

[0218] MfeM 1 3 
fetLtiiflI)±3V6WT'l OhO^i (6 0W 

amxh&o &mnn(rmmi±m2 2^7jk-tm<9xh 

[0 2 19] mftftft*mmW3 6i±J?£ IOOmoiO 

-r y * * y shsm u * <d mm <vmm \z &mhm 

SrMS^y^fe^i PTFE (r7n 

l^^i-#jg©»«3 7 *3ir>mf^JS3 8 & 
IBgLT, 3 9SrffiV^ 

fc, tt»SHi 3 7 , »f b^J* 3 8 t fc«*{N i <Z)#?Lfr 
ftffl t, MmffffiH7L&&ffitf4 0~6 0 Mm T'WffiH 

^bSlffio*ffittt, ^ii*? fi^©»Iilf©PTF 

w-^ 3 9 ©Wffiii, (^{b^JStov^Ti4^coffico?L 

i^)^i±r/v=t-/v^ftAb^V^±9l-bfc 0 12 5(t 
0 2 llC^Lfc»SftcoWffiil^-r„ 
[0 2 2 0] mPtffl&&3 4 {*WfliS!-e, ^<OP*3«P»r» 
litt«Mt#7L* (tl7x / t *° y ^ 

m frhftzmPttrnvj >y*%Anxt5<„ * 

140^ gffi, i-?LiS5 0%©«) COHEIR 
^ALT*<„ *iIIt4 3tLtttil7 7ySr 

[0221] h y y^mtt^yHRife, ^ ^/ 

-/k:7K=l : 2 5rAtLfc (a^^tttl : lffeS^ 

[0 2 2 2] tt^J 2 
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138, 7]c|Hli|X ? A y ? <D^-WmJim^U <0 5 0 (i m 
[0 2 2 3] Jt«09 3 

[0 2 2 4] fiLh©«fe&#fi-e, 2A^*iiT#»I$ 
*fcS*^H3 2{C^1- 0 Jt«E«a|2, tt««3-ett«cit 

[0 2 2 5] Ztlt>\ZttLX9mmi 3T?ttS»if5 9 

fctfs, ^<fajg©ftwsifTfcofc 0 M^-f- 

-<T#>fflL^< Lfc„ 
[0 2 2 6] ft*?, J:fB^K«T^fcW»i±, ^tbfc: 

fc-f, Slltero&swsk mil, xfyu^sw^ 

* V^^V, f-9 -ymwv?* ^A-ltS-T t <£ < , 
£fctci*K*HW, i C^©*^tt»^ft 

#?Lgt LTH3 0~8 0%gg, ¥*&W?L«i: b 

rtsi tfma*?} i o o Mm gfiflsas-e&So r^xbro 
THHKtTfcfcs fc*s+#ft#?L£*mT§ft< ft 

a**t < ft 5 ■tgxmftvmtmt Lr©***4< ft 
a. 

[0227] *fc, ^ j/^tcov^rt, wJCi±«*<© 

©JJRHfcfcS©"?, «-K(-(4Wfe(*fcoT(*ft^ft 

m±^v-*m<D7*./vv, ^«*, «*ftif^w*u 

V\ #?LIti: LTil^iii?, TRBH3 0%@ffi, ±Rfi 
9 5%S^W*LV\ 

[0 2 2 8] ^©S^iimffiKTTi^KJi©*^ 
M^iTL, ±KBII« ±^tt«#fitfif;fraM£T LT 9 

[0 2 2 9] 1 4 

SHttiSSHWMB ($fp° B £ : Nafion: *BDu Pont 

ttSSD ©SSK (Aidrich fcfcktt^y^-T&a 
«t&, jKu y Atitr h y 9Aa-&fr©ffi^f-**y 



*i7 ymofi^f:^ h ft 5 t *«f* tLX 

[0 2 3 0] HJfe^l 4 Till 0 cm, 3 cmCDTfiSi- - CD 

^LTSSL, ¥ffi4itMOlfi«#:Sr^KL.fc. El 3 3 
\CZ<DmmW<DMB*7jii-o H3 3K38V>T, 3 7 i« 

ffii, 3 8i4i£{L»I, 6 Oi40fM5^®SSCi:@bk 

tfcKy-7-^*bft5ii«scJi, 5 7i4=i/^-/vy^v^ 

fe45gSKffl*«ftT&5o 03 4i4Ji|Sia«*prBl©g 
lK8B4r*-f-»rffiig-e&5 0 B34 fcusvvt 3 7 i»4 
3 8 6 o t±«*pjfS, 5 6 tt*Sf*, 

5 7i±aMffl*mf*Tfes 0 *w*5 e t, mm®wm 
its 7 t^mwm^iTyxi^^^^-^B^Q 5& 

^xmmm^mm^mmLtc 0 ^^mm^ms 5^ 

-To iteiSSfr 6 6 &«»-fc/U5&* 6 7 itlR« 

3 8, ^ftAP 6 9, ^tUP 7 0St;Wt7 1, MS 

wap 7 2 , mnmo 7 3 skw, 

l± 0 mmmmic^ioxxfmm^m^Lx^m^^ 

[0231] mmm 1 5 

mmmi svammmi 3 tra*n:^KLfc»itff©iB 

«SI5F^ ©SBHE»^«)^ffiK r 7 n 4 3 v 6 

5 £M • «6#ftrtU-C«*«!!aSrfi 1 >5i:v\ mi«f-« 

[0232] -mm 1 6 

Sfc, B3 7\c^-tZ.o\c=-y'r;V ? i -y^^^-^m 

mumx&micim-rz x ? t bfcii^^i4*jg« 1 3 1 

^«icLT|SSfr^^9 r^x^^K«l 6 t bfc 0 

[0233] &,±mmm 1 4 ~ 1 e 

to. 2 A/cm 2 mm^<Dm,!±^m 1 i-^-t-o 

[0 2 3 4] Jt«^4 

ft, HW8i^C«»M«*ffll\ ^CD»SiC 

mm 1 3 1 ^«<D7mTSj±£ifjj£L/-cs*£* 1 i-w 

[0 2 3 5] JttfcM 5 
jUSWl 2-1 4{!lfflV^©t|Blt|SS^Sr5cm- 5 
cmW-fffii'^ifL, jEAffiffiStftS 2^©-y^r/W» 

m i- = y >rM& K&hxWM bt«jg»l* b 
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[0 2 3 6] 



# g 




200 lA/ci 2 ffl^mffi 




(»«) 


(nV) 


USSffl 1 4 


4 0 5 


2 8 5 


SUtMl 5 


4 1 5 


3 0 0 


^Jfe$l 6 


405 


290 


mm 4 


385 


265 




400 


280 






[0 2 3 7] 





(CD 2 ) 


200IBA/CID 2 

(■N) 


(en 3 ) 


(cm) 


am 

(cm 5 /H) 




3 0 


57 


ttl 2 


0. 4 


2 1 1 


mm 4 


2 5 


56 


»31 


1. 24 


5 54 



[0 2 3 8] § fc fc, *J£« 1 4 com«»«?l!l»» 



[0 2 3 9] 
[S3] 





(IV) 


60 BA/Cffl 2 fflft^IE 
(«V) 




2. 80 


1. 65 




2. 70 


1.50 



#389! £«ffi3BW<&eiE£ n * ©jib i 

[0240] mmm 1 7 

3 8 tr^«»m?f!l£FWLfc 0 jgSgt 7 4 (40 

#«sH-s#sr 7 5 ^«A,T«»ffi 7 et mimm 7 7 

7 1 33 £ XJ^Um 6 8 £|£1± T fc £ , £ fc» 

t©*f«7 8^aa:«LTS)5 0 *fbaa 

% :Nafion: *SDu pont t±$0 Sr^fc, h 
£ LTii7<*/-/Wmol /l, fifcttlnol 



[0 2 4 1] ^cDi?/V£fflV^T2 0 mA/cm 2 eDftJfcJjgS 
®TLT, 2 VO^jl!Sti7 9tMi7 6 fc*H3I7 

[0 2 4 2] Jt$fc#l 6 

[0 2 4 3] 3 9 (C^o 31$eL-C®cB-Hto 

(±1 0 0 0^goTt«V^^«J±trlS#LTV^„ 

[0244] 1 8 yarn 7 
n*« 1 7 ©seas* 1 o ±^mm tfci»» l 

fc Q roSfjgir/Miio^-c, MfU7t^#-eM 
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BrL&^i5f-Lfc 0 4fc^«©fc*«®gr±, ait 

V>i5i-bfc 0 >-^7^©IIgfc[IIK£r04 0(^-r„ 
r©0-e!4. No. 3ir/v£y yuyi/^Lx^&M&O; 

Ufc„ SfelilHlK*>P>No. 3ir/V?r»-f-rfcfe. 

7-4 yf- (A) SriSiJifcxi, £ b ti?yv©»«£#ffi 

*4vf- (B) Sr-BJOife^:, M^KNo. 
4, No. 5, No. 6CO-fe/^P5^JiC«l^rSct) — 

[0245] ^coi:oimm^tzm-mt, ttiibt 
{mm d . ±<ttmmtttm^^(Dic^^rz 

[0 2 4 6] mmmi 7 tmm\c, mmmisom^ 
ioo o^»ortftv^f±i^am^a^Lriii»L 

[0 2 4 7] 

[0 2 4 8] 1"fc;b*>, *»<&B«J0>*2t;:H1-*»IS 

^^m^xmsL-t^tz.^, ^m^nrnmb lx 

[0 2 4 9] *R©gW®IB3KH-t-53SW^£ 
Jxtf, /hSflSfcJSLfc«&tfIL R^#©«S©^» 

*» 1 33 v ^x , isw«i5 w ©hj±© n * as«4> Lisa*© 

[0 2 5 0] *RCDg6<JCD^4^B81--5^l-J; 

/j««Tft©» t ura l/c * * / -/mm- 
s Lit ©# & ti zmmmmmmx t * 0 

[HI] «8BJ<D-^ttiWc£3i?/^-^£^5Ji 

[H2] miK^-t^^/^fm^^-f^wm 

[13] #3PJ©i?/^-^£*^51»m©ffi©ll 

[ 0 4 ] #38 © - HlftCT fc: J: 5 -fe / * l— * V 

[0 5] #:^B^co-fe-^v— ^ig-VNfc^^|-«?t&cDtecog8 



[0 6] #*K©-fe/-«u— i?S:*v^jKRS«Ji©S bic 
ftl© jUSW©®Sl5«figSr^-t— «B§J 9 ^»tS0 o 

[07] 0 3 ^^iw^wsL<oxmft<omm^m-r 
[0 8] 0 4(^*«fl-aM»^M»sa«^^^-r 

[0 9] 0 7 tc^^«?aiSr$ e>t^§*fc^©S 

[0 10] #|S9!«»®ft!l»^M®^«^^1- 
-35«t)^##4ffl0o 

[0in *m<Dm±nM(om*t>tt\-fmm**'t-tt 

[012] #5£W©«S«)f+ftflBfiSr*-t-5«Si|SFe«l©« 

[013] *%miz£zm®-m&<om#>ttVi!m<om<o 

[014] 01 2*sitnai 3t^r«»«»©iBftw- 
it«it»^^^*r0„ 

[015] *ISBJ^i5»«*Wfflfe#(t#it<Z)$b 
lrffi®f!l^^i-0 o 

[01 6] *^B^(-i5»mftcD»is6#(j-«^$b 

[017] mmu£>tti l i&&(Dmm%^-fmo 
[018] #igB^©Mm-ft[cfc(j-5«s^tt«^ 

[0i9] *mw<Dmwnmc&vmwmm%m? 

[0 2 0] #3SB^W»«*KfflVN^n5»^^ 

[02 1] *»W©*ilJR««Sr^tf/MJllW«Jfi©« 
5ttr^-Tf4ffi0o 

[022] 021 ©/J^J^Wttftffi* 
#{*©#4«0„ 

[02 3] 021 ©/h«W««©#$£*-rWffi0o 
[0 2 4] #ISBfl©0R*»««^^tf/h?#W«?tfi 

©«*£^i-£4«0„ 

[025] 021 <D>bfflmmm<nmiiwi<?>jjfafrt>%- 

[02 6] #|SfP!©7K0«**^tf/h»»«?t!l©S 

wm, m*KJi, ^fb^wi©*i***-r#4Si0o 

[0 2 7] #»H^©0J|X*m««^^/h»»S?t!l 

[028] #iSBj!©ram?f!i©iBs^©ia^j«m©-« 

[029] *%m<D)mwi&<Dmm&<Dmpmf$.<D-m 

[03 0] «#Kii©«ii«s:0 o 
[031] mMKa*<DmK®mz*-tm^m„ 
[032] #» w ©hkfj 1 3 Rmmm 3 *s * im ic 
#5M«*©^r E j]-«)±#tt0„ 
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[833] mmm 1 4 K:#sas«#©«i&@. 
[H34] mmm 1 4 t«5ism»SM^»«BS 

a 

[H35] 1 4 KL&zmmwnm<Dwm®o 
[H36] ^km 1 5 im&mmfo<DmmMtt<DW.m 

[037] 1 6 £&538«#©8§|&SBa-©«l6 

[03 8] ItMl 7(c#5»m?f!l®«^^1-0K 



[01] 



.6 




[039] mmmi 7\z&&)mm&<Di$ffl-n&m& 

0o 

[04 0] HJfe«ri 8K«5*#«»©*jSfci3^iaK 

0„ 

[04 1] ilil 8ic#5MSM»B^R5-aj±#tt 

0„ 

[04 2] ^*©IM/tffl»@„ 

[043] ^»m*®aji«ig^*-r#4is0„ 

[04 4] *HH^«»Sft!l»Em^©E^J««-^ 

^i-«^0„ 

[02] 




[03] 



6 



[04] 
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[010] 



[HI 2] 
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[02 5] 



[02 6] 




[02 9] 



[03 1] 




[03 4] 
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[04 0] 
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(72) S§HJ=f fltfO 

#3SJl|»Jl|«m*IZ/MRl3K^irri*Ml * 

3&#3em%m&± >z~ft 
{i2)mmm mm 

#^;ii*;n«Frfj#E/MRi*S"ri#a * 

(72)|§?W ifiii * 

#3Sjiijmjiiwm$K/MRiJttsi»ri#ii!! * 



»«jii*jiiem#E/h^im^Bri#* * 

(72)3&W# t* w- 

#^ii»;n«ffm^is/MRiJK^"ri#* * 

S;^ttJK^W%IHIfi-fe ^ 9 -ft 

^m±M^m%m^>-9~ft 
(72) mm^- sib ten 

w^jiimjii«flj^E/h^^Bri#* «e 
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CLAIMS 



[Claim(s)] 

[Claim 1] While providing the stack which carried out two or more laminatings of the 
electromotive section which has the electrolyte plate pinched by a fuel electrode, an oxidizer 
pole, and these two electrodes and using liquid fuel as a fuel In the fuel cell constituted so that 
oxidant gas might be perpendicularly passed along the laminating side of said stack At least one 
field arranged at the flow of said oxidant gas and parallel is met among the peripheral faces of 
said stack, including the end face of said fuel electrode. The fuel cell characterized by 
constituting in the direction which intersects perpendicularly with the flow of said oxidant gas so 
that the liquid fuel installation way where said liquid fuel touches directly may be established in 
the end face of said fuel electrode and said liquid fuel may be supplied to it by the capillary force 
of the porous body used as said fuel electrode at said fuel electrode. 

[Claim 2] The fuel cell according to claim 1 characterized by preparing the oxidant gas supply 
slot which passes said oxidant gas perpendicularly to the field adjacent to said oxidizer pole of 
said fuel electrode. 

[Claim 3] The fuel cell according to claim 1 characterized by preparing the oxidant gas supply 

slot which passes said oxidant gas perpendicularly to said oxidizer pole. 

[Claim 4] Said liquid fuel is a fuel cell according to claim 1 characterized by being introduced 

from a fuel storage tank by the capillary force of said liquid fuel installation way. 

[Claim 5] The fuel cell according to claim 1 characterized by forming the oxide skin in the front 

face of the capillary tube section which supplies said liquid fuel to said fuel electrode by 

capillary force. 

[Claim 6] Said fuel electrode is a fuel cell according to claim 1 characterized by being 
constituted by the fuel oxidation catalyst particle which made the fuel oxidation catalyst exist in 
island shape without lapping in general mutually on the support of heat-resistant acid resistance, 
and made the proton conductivity matter of heat-resistant acid resistance exist in the front face of 
said fuel oxidation catalyst at least. 

[Claim 7] While providing the stack which carried out two or more laminatings of the 
electromotive section which has the electrolyte plate pinched by a fuel electrode, an oxidizer 
pole, and two electrodes through the separator and using liquid fuel as a fuel In the fuel cell 
constituted so that oxidant gas might be perpendicularly passed along the laminating side of said 
stack The oxidant gas supply slot which passes said oxidant gas perpendicularly is established in 
the field adjacent to said oxidizer pole of said separator. And at least one field arranged at the 
flow of said oxidant gas and parallel is met among the peripheral faces of said stack, including 
the end face of said fuel electrode. While said liquid fuel establishes the liquid fuel installation 
way which touches directly in the end face of said fuel electrode and supplies said oxidant gas in 
the direction which intersects perpendicularly with the flow of said oxidant gas through said 
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oxidant gas supply slot at it The fuel cell characterized by constituting so that said liquid fuel 
may be supplied to this fuel electrode by the capillary force of the porous body used as said fuel 
electrode. 

[Claim 8] The fuel cell according to claim 7 characterized by preparing the liquid fuel supply slot 
where opening of the end was carried out to the field which touches said fuel electrode of said 
separator towards said liquid fuel installation way, 

[Claim 9] Said liquid fuel is a fuel cell according to claim 7 characterized by being introduced 
from a fuel storage tank by the capillary force of said liquid fuel installation way. 
[Claim 10] The fuel cell according to claim 7 characterized by forming the oxide skin in the front 
face of the capillary tube section which supplies said liquid fuel to said fuel electrode by 
capillary force. 

[Claim 11] Said fuel electrode is a fuel cell according to claim 7 characterized by being 
constituted by the fuel oxidation catalyst particle which made the fuel oxidation catalyst exist in 
island shape without lapping in general mutually on the support of heat-resistant acid resistance, 
and made the proton conductivity matter of heat-resistant acid resistance exist in the front face of 
said fuel oxidation catalyst at least. 

[Claim 12] It is the fuel cell characterized by binding said stack tight at least with the ingredient 
which the direction of a laminating shows rubber elasticity in the fuel cell possessing the stack 
which carried out two or more laminatings of the electromotive section which has the electrolyte 
plate pinched by a fuel electrode, an oxidizer pole, and these two electrodes. 
[Claim 13] The electromotive section which a fuel cell becomes from the electrolyte layer 
mainly pinched by a fuel electrode, an oxidizer pole, and these two electrodes, The 1st water 
absorption means which absorbs the water produced from the oxidizer pole in which it consisted 
of recovery means of the water generated on the oxidizer pole of a fuel-supply means to supply a 
fuel to said electromotive section, and said electromotive section, and got down, and said water 
recovery means was formed in contact with the oxidizer pole, It is the fuel cell with which the 
1st water absorption means established in contact with said 1st water absorption means consists 
of the 2nd water absorption means which absorbs the water which carries out absorption 
maintenance, and said 2nd water absorption means is characterized by being set up so that water 
absorptance may serve as size rather than said 1st water absorption means. 
[Claim 14] the electromotive section which consists of an electrolyte layer pinched by a small 
fuel cell, a fuel electrode, an oxidizer pole, and these two electrodes ~ two or more - connection 
- the fuel cell characterized by to have the structure where a conductor connects with a serial, 
and a fuel is supplied from a fuel path common to the fuel electrode of each electromotive 
section, and the electrode surface of the fuel electrode of each generation-of-electrical-energy 
section faces said fuel path, and for said electrolyte layer to contain the absorptivity matter or the 
water retention matter. 

[Claim 15] It is the fuel cell characterized by having the device to which said fuel cell carries out 
polarization of the fuel electrode anodicly in the fuel cell which consists of an electrolyte layer 
pinched by a fuel electrode, an oxidizer pole, and these two electrodes. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a fuel cell, especially the fuel cell suitable for a 

miniaturization. 

[0002] 

[Description of the Prior Art] Since a fuel cell is efficient as an independent power plant, it 
attracts attention recently. A fuel cell is divided roughly into the phosphoric acid fuel cell which 
uses gas as a fuel, a fused carbonate fuel cell, a solid oxide fuel cell, an alkaline electrolytic- 
solution mold fuel cell, etc. a methanol fuel cell, a hydrazine fuel cell that use a liquid as a fuel, 
etc. Since these fuel cells are aimed at the source of power for mainly moving the generator for 
power, and a large-sized device, a compressor, a pump, etc. for introducing the fuel of gas or a 
liquid or oxidant gas in a cell are required for them, and it is not only complicated as a system, 
but they consume power for these installation. 

[0003] If the methanol fuel cell using the methanol as liquid fuel is explained as an example, in 
the system of a methanol fuel cell, a fuel will be sent to a cell proper with a pump from a 
methanol tank, and the air which is an oxidizing agent will be sent to a cell proper by the blower. 
For example, in order [ which is the methanol and electrolyte which especially serve as a fuel as 
dissolution fuels by this cell ] to feed a mixed liquor object with a dilute sulfuric acid to a cell 
proper with a pump through a methanol controller or an acid controller, that system is much 
more complicated. Such complexity is the same about other fuel cells, and a blower and a pump 
are needed in order to send a fuel and oxidizing agent gas by any system. The complexity of such 
a system is because the present fuel cell is targetting mass power as the object for power, a 
source of power of a large-sized device, etc., in order to attain this, a lot of fuels and oxidizing 
agent gas must be passed, and therefore, a pump, a blower, etc. are needed. 
[0004] On the other hand, as a social trend, various devices, such as OA equipment, audio 
equipment, and a wireless device, are miniaturized with development of semiconductor 
technology, and portable nature is demanded further. As a source of a generation of electrical 
energy for satisfying such a demand, an easy primary cell, an easy rechargeable battery, etc. are 
used. However, a primary cell and a rechargeable battery have a limit in a function top time, and, 
naturally a time is limited in the OA equipment using such a cell. When these cells are used, after 
discharge of a cell finishes, a time is [ as opposed to / with the primary cell of what can exchange 
cells and can move OA equipment etc. / the weight ] short, and it is unsuitable for a portable 
device. Moreover, if discharge finishes with a rechargeable battery, while it can charge, there is a 
fault a service space is not only restricted, but that a power source is required because of charge, 
and charge takes time amount. Since it is difficult to exchange cells even if discharge of a cell 
finishes it especially as the OA equipment incorporating a rechargeable battery, as for a limit of 
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the time of a device, **** does not have **. Thus, in order to carry out long duration actuation of 
the various small devices, correspondence is difficult and extension of the conventional primary 
cell and a rechargeable battery requires the cell which was more fit for actuation of long 
duration. 

[0005] There is a fuel cell which was mentioned above as one solution of such a problem. Since 
it has the advantage it not only has the advantage that it can generate electricity only by 
supplying a fuel and an oxidizer, but that it can generate electricity continuously if fuels are 
exchanged, a fuel cell can be called system very advantageous to actuation of small devices, such 
as OA equipment with small power consumption, if a miniaturization is possible. 
[0006] Since air can be used for a fuel cell as an oxidizer, a limit is received from a viewpoint of 
an oxidizer neither in a service space nor a time, but although power consumption, such as OA 
equipment, is small when using gas as a fuel, considering the consistency of gas, the capacity 
which a generation of electrical energy takes is large, and unsuitable for the miniaturization of a 
cell. On the other hand, compared with gas, the consistency of liquid fuel is high, and it is 
overwhelmingly advantageous as a fuel of the fuel cell for small devices. Therefore, if the fuel 
cell using liquid fuel can be miniaturized, the power source for small equipments in which the 
long duration actuation which is not in the former is possible is realizable. As mentioned above, 
in order to send liquid fuel into a cell proper, in the system using the conventional liquid fuel, 
that a pump is complicated as a system and is miniaturized with the structure of this as since the 
blower etc. is required in order to send in oxidizing agent gas again has a failure when realizing 
such a power source for small equipments in a difficult thing. 

[0007] Furthermore, the gas supplied to the cell by the pump or the blower in a phosphoric acid 
fuel cell, a fused carbonate fuel cell, and the conventional fuel cells, such as a solid oxide fuel 
cell, is further introduced into each electrode through the gas channel which adjoined the 
oxidizing agent pole and the fuel electrode and was prepared. In this case, from a viewpoint of 
passing a lot of fuel gas and oxidizing agent gas so that a load may be given to neither a pump 
nor a blower, the gas passageway of a gas channel is made into the shape of a big quirk so that a 
pressure loss may not arise as much as possible. For example, at the gas channel of a fused 
carbonate fuel cell, it is usual. The slot of the depth which exceeds 2mm is formed. Also with the 
fuel cell using liquid fuel like a methanol fuel cell, this is the same, differs in the phosphoric acid 
fuel cell mentioned [ especially ] above by the methanol fuel cell, and serves as a still bigger 
value than the case where gas is used as a fuel about a pressure loss at them in order to pass a 
mixture with the methanol which is an electrolyte and which becomes a sulfuric acid and a fuel, 
for example to an electrolyte layer and a fuel electrode, in order that [ thus, ] the conventional 
fuel cell may send in gas and a liquid by the pump or the blower — the shape of a quirk of a gas 
channel — large — not carrying out — it does not obtain, but when the shape of a quirk is 
conversely made small, in extension of an old technique — a pump and a blower become large — 
a miniaturization has the problem that it cannot attain. 

[0008] A point which was mentioned above is coped with and the liquid fuel cell (refer to JP,59- 
66066,A) which used capillary force for supply of liquid fuel is proposed as a fuel cell which 
aimed at correspondence to a miniaturization. This liquid fuel cell is a cell of the parallel flow 
method which sucks up to an one direction toward the upper part from the fuel stockroom which 
prepared liquid fuel in the lower part, and supplies an anode, and passes oxidant gas in the same 
direction as the supply direction of a fuel by the capillary force of the capillary tube ingredient 
which used synthetic fibers, such as organic [, such as paper, cotton, asbestos, and glass, ] or an 
inorganic fiber ingredient, and an acrylic, nylon, as the base material. By this cell, while 
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establishing a fuel stockroom in the lower part, in order to pass oxidant gas perpendicularly, the 
intake of gas is required for the lower part of a cell, therefore it has structure which prepared the 
clearance between the fuel stockroom and the stack base. Moreover, that component consists of 
fiber which has flexibility which was mentioned above so that some capillary tube ingredients 
may be narrowed down mechanically and supply of a fuel can be controlled by this method. 
Furthermore, this cell has structure embedded so that a capillary tube ingredient which was 
mentioned above, and which was electrically constituted from an insulating ingredient might 
stick with a charge collector to some anode side charge collectors. 

[0009] Although the above-mentioned liquid fuel cell fits a miniaturization rather than the 
conventional fuel cell in order to supply liquid fuel to a fuel electrode by capillary force, two or 
more problems are included and those improvements are called for. For example, although liquid 
fuel penetrates or permeates horizontally in an anode (fuel electrode) as indicated by the above- 
mentioned official report, in the direction of facing up, it has the constraint on the structure 
where capillarity is not shown. Moreover, by the cell of this method, as mentioned above, since it 
is the structure where a clearance inserts a fibrous capillary tube ingredient required between a 
stack base and a fuel stockroom at a fuel stores dept., while the seal of a capillary tube ingredient 
and a fuel stockroom becomes difficult, it must be made the structure which unifies a stack and a 
fuel stockroom and is fixed. And structure not only becomes complicated, but it must prepare 
two or more entries for introducing a capillary tube ingredient into the fuel stockroom upper part 
on the occasion of unification, and the manufacture has the fault of being very difficult. If it 
furthermore says, in order to pour an oxidizer, in this fixed structure, it complicates structure that 
it is also necessary to open a slit in a part for the oxidizer polar zone at the base of a stack at 
least. 

[0010] Moreover, since liquid fuel is supplied to the upper part by the capillarity of an one 
direction from the lower part as mentioned above, it will require time amount for a fuel being 
supplied to the upper part of a fuel electrode upwards, and will receive constraint in the 
configuration of a cell. That is, in order to enlarge a current, it is necessary to enlarge area of 
electromotive components, such as an electrode and an electrolyte plate, but, and when a limit 
exists in height like this method, the width of face of electromotive components is come size, and 
a kink colander is not obtained, but constraint arises in a cell configuration. Furthermore, by this 
cell, since the insulating capillary tube ingredient is embedded at the part in the charge collector 
by the side of a fuel electrode, the electron obtained as a result of the cell reaction has the fault of 
not obtain a flow colander, but the path for which the electrical and electric equipment not only 
concentrates, but the electrical and electric equipment flows become long about a charge 
collector, and produce an electric loss. 

[0011] On the other hand, in order to improve contact between cell components with the 
conventional high power and the fuel cell of a large area about bolting of a cell and to aim at 
improvement in the engine performance, the large-sized clamping device with which the force 
joins homogeneity was used. For example, the cell area of a commercial phosphoric acid fuel 
cell or a fused carbonate fuel cell is 2 5000-10000cm about. In order to bind this tight so that 
contact between components may become good, it is 15 - 30ton in general. It must bind tight 
with the equipment which has a bolting load. Therefore, each clamping device used for the 
conventional fuel cell is complicated and large-scale equipment, and does not fit the fuel cell 
which is going to attain a miniaturization. 

[0012] There is a problem of removal of the water which, on the other hand, generates the 
system of the conventional fuel cell as a resultant in an electrode surface as one of the factors to 
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complicate. Although it is one electrode in a fuel cell and water arises as a product of electrode 
reaction, it is necessary to remove this water from an electrode surface. Piling up in the electrode 
surface which is a product bars supply of the matter which should be supplied, and it reduces 
reaction effectiveness as a result. 

[0013] Although it is expectable as a power source for small devices since especially the solid- 
state polyelectrolyte mold fuel cell using proton conductivity film, such as perfluorocarbon 
sulfonic acid (trade name: product made from Nafion:Du Pont), as an electrolyte operates at low 
temperature (room temperature -100 degree C) comparatively In the fuel cell which operates at 
such low temperature 100 degrees C or less, since the water produced on the oxidizer pole 
generates in the state of a liquid, the problem of stagnation of the water in an electrode surface 
will become much more serious that it is hard to vaporize. 

[0014] In the conventional fuel cell, prepared the air supply duct in the side face of a cell proper, 
have arranged the air jet pipe to that opposite side, generation water was made to dew the wall 
surface of this air jet pipe, and generation water was collected. The schematic diagram of the 
conventional fuel cell is shown in drawing 42 . 

[0015] That is, as shown in drawing 42 . the air discharge duct 84 is installed in the air supply 
duct 83 which attached the blower 82 in the side face of the body 81 of a fuel cell, and its 
opposite side, the generation water recovery duct 54 is formed in the bottom of this air discharge 
duct 84, and it contains in the cell case 57 in which the air entry 86 and the air outlet 87 opened 
these. Supply of air is performed by the blower 82, the air containing generation water is sent in 
the air discharge duct 84, the generation water which generation water dewed the internal surface 
of this air discharge duct 84, and dewed it is collected by the lower generation water recovery 
tank 85, and discharge air is discharged outside through an air outlet 87. 
[0016] If the above recovery approaches of generation water are applied to a small fuel cell 
which is expected, it becomes impossible to disregard the volume of the drive power of the 
blower itself, or a blower, and the advantages, such as high charging efficiency and a small thing, 
will be lost. Although the recovery approach of generation water is otherwise proposed, it is 
necessary to supply the energy equivalent to heat of vaporization, and energy efficiency does not 
become good theoretically by the approach of making generation water once evaporating. 
[0017] Therefore, the device in which the water generated from an oxidizer pole is removed is 
needed, without using special power and energy, in order to realize a small fuel cell. 
[0018] On the other hand, there is a problem on the structure as another factor which complicates 
the system of a fuel cell. 

[0019] The general laminated structure is shown by making a phosphoric acid fuel cell into an 
example at drawin g 43 . In this case, the electric conduction plate 39 called a separator or 
interconnector between the electromotive sections which consist of the oxidizer pole 38, an 
electrolyte layer 36, and a fuel electrode 37 was placed, by this, each electromotive section was 
connected to the serial and the required electrical potential difference is secured. This structure is 
applied to the solid-state polyelectrolyte mold fuel cell etc. not only at a phosphoric acid fuel cell 
but at a fused carbonate fuel cell and a pan. In the fuel cell of such structure, the air as the fuel 
supplied to the cell using the pump, the blower, etc. or an oxidizer is introduced into each 
electrode through the separator which adjoined the oxidizer plate and the fuel electrode plate and 
was formed. In this case, the gas passageway of a separator or an electrode plate is made into the 
shape of a quirk which has a certain amount of depth so that a pressure loss may not arise as 
much as possible from a viewpoint of pouring a lot of fuels and reacting matter, such as 
oxidizing agent gas, so that a load may be given to neither a pump nor a blower. When especially 
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liquid fuel, such as a methanol, is used, in order to pour a liquid-like fuel unlike the phosphoric 
acid fuel cell mentioned above, about a pressure loss, it becomes a still bigger value than the case 
where gas is used as a fuel. 

[0020] Thus, since it is necessary to form a slot etc. in a separator etc. as passage of this reacting 
matter, the fuel cell of the conventional structure cannot but take a certain amount of thickness, 
and the volume occupied other than the reaction catalyst of the electrolyte layer which is the 
original generation-of-electrical-energy section, a fuel, and an oxidizer pole, and a charge 
collector must be enlarged. Even if it makes small thinly the electrode plate thru/or separator 
which acts as passage, in order to supply reacting matter through passage narrow in this case, a 
burden must be placed on a pump, a blower, etc., and those devices must be enlarged. 
[0021] The volume occupied other than the reaction catalyst of the electrolyte layer which be the 
original electromotive section , a fuel electrode , and an oxidizer pole , and a charge collector 
from such a thing be stopped as small as possible , two or more electromotive sections be 
arranged in horizontal **** at right angles to the thickness direction as a policy which attain the 
miniaturization of the whole fuel cell , and how to connect so that it may become a serial 
mutually at the edge can be considered . In this case, since it can perform supply of reacting 
matter, and recovery of a product from one space and it is not necessary to two or more 
electromotive sections a separator not only to become unnecessary, but to give the function as 
passage to an electrode plate, there is no abbreviation and it can be made thin. Such a view is 
already indicated by JP,63-141266,A, JP,63-141270,A, etc. 

[0022] However, a problem as shown below arises in the fuel cell of such a configuration. 
[0023] The object contained in an electrolyte layer, and an electrolyte and a steam of the same 
kind are mixed in the reacting matter supplied in order to compensate an outflow and 
evaporation of the component in the electrolyte from an electrolyte layer with the usual fuel cell 
or to prevent desiccation. 

[0024] Especially, since water flows from a fuel electrode with ion to an oxidizer pole at the time 
of operation, the solid-state polyelectrolyte mold fuel cell using proton conductivity film, such as 
the above-mentioned perfluorocarbon sulfonic acid (trade name: product made from Nafion Du 
Pont), etc. as an electrolyte runs short of the moisture by the side of a fuel electrode gradually, 
and effectiveness falls. Therefore, into the fuel supplied to a fuel electrode, in the case of liquids, 
such as a methanol, mixed the electrolyte of a liquid, the case of hydrogen gas made the steam 
mix, and it supplied. 

[0025] On the other hand, generation of water takes place in the electrode of another side. In the 
above-mentioned polymer electrolyte fuel cell, in an oxidizer pole side, since the water which 
flows from a fuel electrode besides the water generated according to electrode reaction exists, 
moisture becomes superfluous. 

[0026] The water which mixed in such reacting matter and was supplied, and an electrolyte or 
the generated water combines and short-circuits between two or more generation-of-electrical- 
energy components in ion, and becomes the cause which causes the fall of cell voltage. The 
problem is remarkable if the above-mentioned water and an electrolyte exist in the state of a 
liquid especially. 

[0027] Like the above-mentioned, two or more generation-of-electrical-energy components are 
put in order lining up side-by- side, the fuel cell of a configuration of having connected the edge 
to the serial shares the supply space of a fuel, and the recovery space of a product, and since an 
inter-electrode distance is short, the problem of such an electrical-potential-difference loss is 
much more serious. 
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[0028] The schematic diagram at the time of arranging the two generation-of-electrical-energy 
sections in drawing 28 lining up side-by-side, and connecting with it at a serial is shown. As for a 
fuel electrode and 60, in drawing 28 , 37 is [ an electrolyte layer and 38 ] oxidizer poles, and the 
two electromotive sections 55 are electrically connected to the serial by lead 57. The fuel 
electrodes 37 a and 37b and oxidizer pole comrade of the two generation-of-electrical-energy 
sections adjoin each other. Both the generations-of-electrical-energy section can perform supply 
of a fuel, and discharge of a product from one space. In drawing 28 , supply of a fuel is 
performing supply of oxidant gas from the fuel passage 58 in the oxidizer passage 59. 
[0029] In this case, the electric potential gradient has arisen between fuel electrode 37a of the 
one generation-of-electrical-energy section, oxidizer pole 38a of this generation-of-electrical- 
energy section, and fuel electrode 37b of same electric potential. Moreover, the inclination of 
potential has arisen similarly between oxidizer pole 38a and oxidizer pole 38b. 
[0030] If the matter which acts as an electrolyte exists in both the electromotive section front 
face 58, i.e., fuel passage, and the oxidizer passage 39 at this time, migration of ion will take 
place according to the above-mentioned electric potential gradient, this acts as the leakage 
current, and an electrical-potential-difference loss arises. 

[0031] Therefore, two or more generation-of-electrical-energy sections are lined up side-by-side 
like the above, and it connects with a serial, and in attaining the miniaturization of a fuel cell 
according to the structure which makes common fuel-supply space and recovery space of a 
product, in order for the effectiveness of a cell to fall by the electrical-potential-difference loss 
produced between each generation-of-electrical-energy section, it is necessary to reduce such an 
electrical-potential-difference loss. 

[0032] As a fuel generally supplied to a fuel cell on the other hand, there are gases, such as 
hydrogen gas, or liquids, such as a methanol and a hydrazine. Although power consumption, 
such as OA equipment, is small when using gas as a fuel, considering the consistency of gas, the 
capacity which a generation of electrical energy takes is large, and unsuitable for the 
miniaturization of a cell. On the other hand, compared with gas, the consistency of liquid fuel is 
high, and it is overwhelmingly advantageous as a fuel of the fuel cell for small devices. 
Therefore, if the fuel cell using liquid fuel can be miniaturized, the power source for small 
equipments in which the long duration actuation which is not in the former is possible is 
realizable. 

[0033] Since CI - C2 compounds, such as a methanol and ethanol, are cheap and the boiling 
point is also moderately high also in liquid fuel, it can use easily from a safety aspect. However, 
there is development of an electrode catalyst as a technical difficulty in such a cell. That is, in the 
anodic oxidation of the fuel containing carbon like a methanol, the high platinum of catalytic 
activity also serves as a practically serious trouble in order for poisoning by which the 
intermediate product of a reaction sticks to an electrode surface firmly with the passage of time 
to appear and to bring about the fall of large catalyst ability. 

[0034] Although the electrode catalyst excellent in poisoning-proof nature is examined, it has 
come [ therefore, ] to acquire still sufficient property. Therefore, for the moment, long duration 
and the fuel cell with which it is stabilized and high power is obtained are not obtained. 
Therefore, in the case of the fuel cell using organic fuels, such as a methanol, it is necessary to 
control poisoning of an electrode surface. 

[0035] As mentioned above, the fuel cell of a common conventional type has a complicated 
system, and the miniaturization has the problem of being difficult, with the configuration as it is. 
A miniaturization which is suitable for the power source for small devices etc. on the other hand 
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since structure is complicated and the constraint on structure also has it, although the 
conventional liquid fuel cell using capillary force fits a miniaturization constitutionally is not 
attained. [ much ] Moreover, the correspondence to the miniaturization of a fuel cell is called for 
also about an approach to bind cell components tight, discharge of the generated water, and 
connection between the electromotive sections. When liquid fuel is furthermore used, 
correspondence is called for also about poisoning of an electrode surface. 
[0036] 

[Problem(s) to be Solved by the Invention] This invention solved the above-mentioned technical 
problem in the above-mentioned conventional fuel cell, it was carried out in order to offer a 
small fuel cell useful as a power source of a small device, and it is in offering the fuel cell which 
made it possible to miniaturize after maintaining a well head by simplifying structure while 
simplifying the distribution system of the 1st liquid fuel and oxidant gas of the purpose of this 
invention. 

[0037] It is in offering the fuel cell which performed discharge of the water generated with 
actuation of the purpose of the 2nd fuel cell, without using special power and energy, and was 
suitable for the miniaturization. Furthermore, the 3rd of the purpose suppresses the ionic 
conduction between the electromotive sections to the minimum, and even if it makes connection 
between the electromotive sections suitable for the miniaturization of a fuel cell, offering the fuel 
cell which was suitable for practical use enough few has an electrical-potential-difference loss. 
Furthermore, when liquid organic fuels, such as a methanol which was suitable as a fuel used for 
a small fuel cell, are used, the 4th of the purpose stops poisoning produced in an electrode 
surface, and is to offer the fuel cell with which the output stabilized for a long time is obtained. 
[0038] 

[Means for Solving the Problem and its Function] The 1st fuel cell which it was carried out in 
order that this invention might attain the above-mentioned purpose, and is made simplification of 
the feeding system which is the 1st of the purpose While providing the stack which carried out 
two or more laminatings of the electromotive section which has the electrolyte plate pinched by a 
fuel electrode, an oxidizer pole, and these two electrodes and using liquid fuel as a fuel In the 
fuel cell constituted so that oxidant gas might be perpendicularly passed along the laminating 
side of said stack it has been arranged among the peripheral faces of said stack at the flow of said 
oxidant gas, and parallel, including the end face of said fuel electrode - at least - One field is 
met. It is characterized by constituting so that the liquid fuel installation way where said liquid 
fuel touches directly may be established in the end face of said fuel electrode and this liquid fuel 
may be supplied in the direction which intersects perpendicularly with the flow of said oxidant 
gas by capillary force at said fuel electrode. 

[0039] While the 2nd fuel cell possesses the stack which carried out two or more laminatings of 
the electromotive section which has the electrolyte plate pinched by a fuel electrode, an oxidizer 
pole, and two electrodes through the separator and liquid fuel is used for it as a fuel In the fuel 
cell constituted so that oxidant gas might be perpendicularly passed along the laminating side of 
said stack The oxidant gas supply slot which passes said oxidant gas perpendicularly is 
established in the field adjacent to said oxidizer pole of said separator, and it has been arranged 
among the peripheral faces of said stack at the flow of said oxidant gas, and parallel, including 
the end face of said fuel electrode — at least — One field is met. While said liquid fuel establishes 
the liquid fuel installation way which touches directly in the end face of said fuel electrode and 
supplies said oxidant gas in the direction which intersects perpendicularly with the flow of said 
oxidant gas through said oxidant gas supply slot at it It is characterized by constituting so that 
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said liquid fuel may be supplied to this fuel electrode by the capillary force of the porous body 
used as said fuel electrode. 

[0040] Furthermore, while the 3rd fuel cell possesses the stack which carried out two or more 
laminatings of the electromotive section which has the electrolyte plate pinched by a fuel 
electrode, an oxidizer pole, and two electrodes through the separator and liquid fuel is used for it 
as a fuel In the fuel cell constituted so that oxidant gas might be perpendicularly passed along the 
laminating side of said stack The oxidant gas supply slot which passes said oxidant gas 
perpendicularly is established in the field adjacent to said oxidizer pole of said separator, and it 
has been arranged among the peripheral faces of said stack at the flow of said oxidant gas, and 
parallel, including the end face of said fuel electrode — at least — While preparing a liquid fuel 
installation way in the direction which intersects perpendicularly with the flow of said oxidant 
gas along one field While an end establishes the liquid fuel supply slot by which opening was 
carried out in the field which touches said fuel electrode of said separator and supplies said 
oxidant gas to it through said oxidant gas supply slot towards said liquid fuel installation way It 
is characterized by constituting said liquid fuel from capillary force of said liquid fuel supply slot 
at least, so that this fuel electrode may be supplied. 

[0041] Furthermore, while the 4th fuel cell possesses the stack which carried out two or more 
laminatings of the electromotive section which has the electrolyte plate pinched by a fuel 
electrode, an oxidizer pole, and these two electrodes and liquid fuel is used for it as a fuel In the 
fuel cell constituted so that oxidant gas might be perpendicularly passed along the laminating 
side of said stack The oxidant gas supply slot which passes said oxidant gas perpendicularly is 
established in the field adjacent to said oxidizer pole of said fuel electrode, and it has been 
arranged among the peripheral faces of said stack at the flow of said oxidant gas, and parallel, 
including the end face of said fuel electrode - at least - One field is met. While said liquid fuel 
establishes the liquid fuel installation way which touches directly in the end face of said fuel 
electrode and supplies said oxidant gas in the direction which intersects perpendicularly with the 
flow of said oxidant gas through said oxidant gas supply slot at it It is characterized by 
constituting so that said liquid fuel may be supplied to this fuel electrode by the capillary force of 
the porous body used as said fuel electrode. 

[0042] Furthermore, while the 5th fuel cell possesses the stack which carried out two or more 
laminatings of the electromotive section which has the electrolyte plate pinched by a fuel 
electrode, an oxidizer pole, and these two electrodes and liquid fuel is used for it as a fuel In the 
fuel cell constituted so that oxidant gas might be perpendicularly passed along the laminating 
side of said stack The oxidant gas supply slot which passes said oxidant gas perpendicularly is 
established in said oxidizer pole, and it has been arranged among the peripheral faces of said 
stack at the flow of said oxidant gas, and parallel, including the end face of said fuel electrode — 
at least — One field is met. While said liquid fuel establishes the liquid fuel installation way 
which touches directly in the end face of said fuel electrode and supplies said oxidant gas in the 
direction which intersects perpendicularly with the flow of said oxidant gas through said oxidant 
gas supply slot at it It is characterized by constituting so that said liquid fuel may be supplied to 
this fuel electrode by the capillary force of the porous body used as said fuel electrode. 
[0043] Furthermore, in the fuel cell possessing the stack which carried out two or more 
laminatings of the electromotive section which has the electrolyte plate with which the 6th fuel 
cell was pinched by a fuel electrode, an oxidizer pole, and these two electrodes, said stack is 
characterized by being bound tight with the ingredient which the direction of a laminating shows 
rubber elasticity at least. 
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[0044] In the above fuel cell of this invention, since it constitutes so that oxidant gas may be first 
passed perpendicularly to a stack, oxidant gas can be passed effectively. Moreover, a liquid fuel 
installation way is prepared in the direction which intersects perpendicularly with the flow of 
oxidant gas along with the stack peripheral face arranged at the flow of oxidant gas, and parallel, 
and the positive supply by the capillary force of liquid fuel is attained, without checking the flow 
of oxidant gas, since it constitutes so that the liquid fuel introduced in this liquid fuel installation 
way may be supplied to a fuel electrode by capillary force. Moreover, while being able to 
simplify structure, there is also little constraint on a configuration. Without using especially 
auxiliary parts, such as a pump and a blower, oxidant gas and liquid fuel can be supplied 
smoothly, and these enable it to attain a miniaturization therefore. 

[0045] The fuel cell with which the discharge approach of the generation water which is the 2nd 
purpose of this application has been improved has the following configuration. 
[0046] namely, a fuel electrode and an oxidizer pole -- and the generation-of-electrical-energy 
section which has the electrolyte layer pinched by these two electrodes, the 1st porous body 
which absorb the water which it is prepared in contact with an oxidizer pole, and produces from 
an oxidizer pole, and the 2nd porous body which absorb the water which it is prepared in contact 
with the 1st porous body, and the 1 st porous body holds are the fuel cells characterized by to be 
constituted so that an average pole diameter may become small along the direction where water 
flows. 

[0047] For example, in the fuel cell using liquid fuel, such as a methanol, it operates as a fuel cell 
by the device shown below. 

[0048] Fuels, such as a methanol, are supplied to a fuel electrode and oxygen is supplied to an 
oxidizer pole. When a methanol is made into an example, the following reactions occur. 
[0049] fuel electrode (anode): -- CH3 OH+H2 O -> C02+6 H++6 e oxidizer pole (cathode): 
3/202+6 H++6 e -> 3 H2 O overall reaction: - CH3 OH+3 / 202 -> C02+2 H2 O -- that is In a 
fuel electrode, a methanol carries out an equimolar reaction with water, carbon dioxide gas and a 
proton are produced, and a proton reacts with oxygen with a fuel electrode through the solid-state 
polyelectrolyte film, and generates three-mol water. In total, a methanol and oxygen react and 
two-mol water is generated. It is necessary to remove the water generated at least to make such a 
reaction perform smoothly you to be Sumiya. 

[0050] Moreover, when the power source for small devices is assumed, it is necessary to perform 
this without special power. 

[0051] Therefore, the structure of the oxidizer pole in the invention in this application prepares a 
porous body so that an oxidizer pole front face may be touched, or it uses the oxidizer pole itself 
as a porous body, and absorbs the water produced to the oxidizer pole in the operation of the 
capillarity of a porous body. A porous body with the capillary tube force stronger than the 
oxidizer pole itself which consists of the porous body or porous body prepared so that recovery 
of water might furthermore touch an oxidizer pole front face, i.e., a porous body with an average 
pole diameter smaller than said porous body, is contacted to the oxidizer which consists of the 
porous body or porous body prepared so that an oxidizer pole front face might be touched. 
Thereby, water is smoothly removed from an oxidizer pole front face. 

[0052] Especially this invention is effective if the water generated on the oxidizer pole applies to 
the fuel cell which operates at the temperature which is a liquid, i.e., the temperature of about 
100 degrees C or less. That is, the water absorption by the capillarity of a porous body is for 
acting effectively, when water is a liquid. 

[0053] As fuel cell about 100 degrees C or less, there are alkaline fuel cells and the phosphoric 
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acid fuel cell under a special service condition, a solid-state polyelectrolyte mold fuel cell, etc. [ 
operating temperature ] It is suitable, when especially the solid-state polyelectrolyte used for a 
solid-state polyelectrolyte mold fuel cell consists of a high molecular compound which has ion- 
exchange ability, what formed this in the shape of film does not have the spill of the electrolytic 
solution, and mixing of the reacting matter of an anode and a cathode is prevented, and a fuel cell 
system is miniaturized and it is simplified. Although the solid-state poly membrane of proton 
conductivity has put in practical use in the present condition, an anion conducting film may be 
used. 

[0054] Moreover, when the miniaturization of a fuel cell is taken into consideration, as a fuel, 
use of hydrogen gas etc. is possible. For example, the hydrogen gas by which occlusion was 
carried out to the hydrogen storing metal alloy may be used. However, it is desirable practically 
to use a fuel like alcohols like the methanol which is a liquid, and ethanol, a hydrazine, or an 
amine acid in ordinary temperature. 

[0055] The fuel cell with few electrical-potential-difference losses between the electromotive 
sections which are the 3rd of the puipose of this application has the following configurations. 
Namely, it has the electromotive section which has the electrolyte layer pinched by a fuel 
electrode, oxidizer poles, and these electrodes. Two or more electromotive sections are 
connected to a serial, and a fuel is supplied from the fuel passage where the fuel electrode of 
each electromotive section is common. And the electrode surface of the fuel electrode of each 
electromotive section faces said fuel passage, or an oxidizer is supplied from the oxidizer 
passage where the oxidizer pole of each electromotive section is common. And in the fuel cell of 
the structure where the electrode surface of the oxidizer pole of each electromotive section faces 
said oxidizer passage, it is characterized by the aforementioned electrolyte layer containing 
absorptivity or a water retention object. 

[0056] That is, in the above fuel cell, the thing which made the absorptivity which moisture is 
supplied and held inside [ other than the compound which has the ion-exchange capacity which 
is the main constituent of the usual electrolyte as an electrolyte layer of the electromotive section 
] the film, or can pass moisture according to a concentration gradient, or the water retention 
matter coexist is used. 

[0057] While maintaining the electrolyte layer which starts this invention as mentioned above at 
the condition that the water generated on one electrode catalyst front face is absorbed promptly, 
and the active substance can always be contacted in a catalyst front face in order to show 
absorptivity thru/or water retention oneself, the absorbed water diffuses the inside of an 
electrolyte according to a concentration gradient, and the work which prevents desiccation of the 
electrode surface of another side also shows it. The outstanding property in which the electrolyte 
itself can furthermore maintain ionic dissociation effective have [ no addition of the moisture 
from the outside ] always and an ionic conduction property in this process is shown. 
[0058] Therefore, in the fuel layer using this electrolyte layer, since the water which could 
supply water into the electrolyte, without making water mix into the reacting matter to supply, 
and was produced on the oxidizer pole is absorbed by whether you are Sumiya, it can suppress 
ionic conduction other than an electrolyte layer small. 

[0059] As the absorptivity concerning this invention, or water retention matter, gel compounds, 
such as water absorbing polymer compounds, such as starch, an acrylonitrile copolymer, bridge 
formation acrylate, and bridge formation polyethylene oxide, a silica hydrogel, and conversion 
protein (gelatin), etc. can be used. 

[0060] Moreover, in the case of a solid-state polyelectrolyte, as an electrolyte, the remarkable 
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effectiveness of the invention in this application is acquired. As a solid-state polyelectrolyte, it is 
a perfluorocarbon- sulfonic- acid polymer (trade name: the cation exchange membrane of the 
polystyrene system which has a Nafion (U.S. Du Pont shrine make) sulfonic group is 
mentioned.) as a proton conductivity solid-state polyelectrolyte. 

[0061] By using such the electromotive section, the fuel cell which is the configuration of more 
than an unescapable mixing grain having not contained the matter which acts as an electrolyte 
into any [ of the reacting matter supplied to the oxidizer pole and fuel electrode which are the 
main point of this invention ], and having connected the edge of two or more electromotive 
sections to the serial mutually is realizable. 

[0062] Next, in order to prevent the approach, and mixing and the leakage current of reacting 
matter which carry out direct continuation of the charge collector of each generation-of- 
electrical-energy component with welding, electroconductive glue, etc. as an approach of 
connecting mutually the edge of two or more generation-of-electrical-energy components to a 
serial, in case the approach of connecting through an electric conduction plate etc. or the 
generation-of-electrical-energy section is produced, the approach of making unify so that series 
connection may be carried out beforehand, and producing two or more generation-of-electrical- 
energy sections etc. can be adopted. 

[0063] Furthermore, in order to suppress the leakage of an electrolyte in these approaches, it is 
also effective to give the connection part of two or more electromotive sections a water-repellent 
finish. 

[0064] Next, the fuel cell for stopping poisoning produced in the electrode surface which is the 
4th of the purpose of this application is characterized by having the device to which polarization 
of the fuel electrode is carried out anodicly in the fuel cell equipped with the electrolyte layer 
pinched by a fuel electrode, an oxidizer pole, and these two electrodes. 

[0065] That is, in this invention, when the poisoning product on the front face of a fuel electrode 
arises at the time of operation of a fuel cell, a counter electrode is connected to a fuel electrode, 
polarization is carried out anodicly, and oxidation removal of said poisoning product is carried 
out. The fuel cell with which the output which carried out long duration stability is obtained by 
that cause is obtained. 

[0066] In the fuel cell, two or more electromotive sections which consist of a fuel electrode, an 
oxidizer pole, and an electrolyte are further usually connected and used for the serial. In this 
case, it is desirable to perform said polarization actuation as rotation for every electromotive 
section. A poisoning product can be removed without this interrupting operation. 
[0067] 

[Example] Hereafter, the embodiment of this invention is explained. First, the fuel cell 
miniaturized by the simplification of the distribution system of the liquid fuel and oxidant gas 
which are the 1st of the purpose of this application, and the simplification of structure after 
carrying out efficient maintenance is explained. 

[0068] drawing 1 shows the important section configuration of the fuel cell of one example - it 
is a notching perspective view a part. In this drawing, 1 is the electrolyte plate pinched by the 
fuel electrode (anode) 2 and the oxidizer pole (cathode) 3, and the electromotive section 4 is 
constituted by these electrolyte plates 1, the fuel electrode 2, and the oxidizer pole 3. Here, a fuel 
electrode 2 and the oxidizer pole 3 are formed by the conductive porous body so that it may let 
an electron pass, while they circulate a fuel and oxidant gas. 

[0069] And the stack 6 used as a cell proper is constituted by carrying out two or more 
laminatings of the electromotive section 4 which was described above through a separator 5. 
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This stack 6 is installed so that the laminating side of the electromotive section 4 may become 
parallel to a perpendicular direction fundamentally. In addition, the above-mentioned separator 5 
is formed with a conductive ingredient in order to also achieve the function of the collecting 
electrode plate which conducts the generated electron. Although the catalyst bed of stratified, 
island shape, or granular ** may furthermore be formed between a fuel electrode 2, the oxidizer 
pole 3, and an electrolyte plate 1 if needed, this invention does not receive constraint in the 
existence of such a catalyst bed. Moreover, it is good also considering fuel electrode 2 and 
oxidizer pole 3 the very thing as a catalyst electrode. 

[0070] Here, in the fuel cell of this invention, in order to pass oxidant gas, for example, air, 
effectively, without needing power, it is necessary to consider as the structure where oxidant gas 
flows perpendicularly to a stack 6. Oxidant gas will flow very smoothly with the heat generated 
as a result of producing a cell reaction by passing oxidant gas toward the upper part especially 
from the lower part of a stack 6. So, in this example, the oxidant gas supply slot 7 which passes 
oxidant gas perpendicularly (the inside of drawing, the direction of z) is established in the field 
adjacent to the oxidizer pole 3 of a separator 5 as a continuation slot. 

[0071] Moreover, since [ remarkable ] it is small compared with a liquid, if the balance of liquid 
fuel required for a cell reaction and oxidizing agent gas is considered, as for the consistency of 
gas, it is more advantageous than supply of liquid fuel to make it the structure which increases 
supply of oxidant gas because of the miniaturization of effectiveness, the engine performance, as 
a result a cell. Although it becomes so advantageous that the cross section of the oxidant gas 
supply slot 7 is enlarged, if an electric touch area will become small, a loss will arise, if a flute 
width is enlarged too much in order to enlarge the slot cross section, and the depth is made deep 
too much, electrode thickness or the thickness of a separator 5 will become thick, and will 
become disadvantageous for a miniaturization from this viewpoint. Moreover, if the cross section 
of a slot is made small and the number of slots is made [ many ], the pressure loss of the oxidant 
gas in the gas supply slot 7 will become large, and it will become difficult to pass oxidant gas 
smoothly. Therefore, as width of face of a slot 7, about 0.2-2mm has about 0.5-20 desirablemm 
as the depth of a slot 7 again. In addition, the configuration of these oxidant gas supply slot 7 
shall be determined in consideration of the supply approach of the fuel gas mentioned later etc. 
[0072] As mentioned above, the separator 5 in this example has the function as a channel to pass 
oxidizing agent gas. Thus, by using the components 5 (it being hereafter described as a channel 
combination separator) which have the function of both a separator and a channel, components 
mark can be reduced more and it becomes possible to attain a miniaturization further. In 
addition, it is also possible to replace with the above-mentioned separator 5 and to use the usual 
channel. 

[0073] The channel combination separator 5 which was described above may be formed with a 
metal plate without a hole, and may be a porous body and just separates liquid fuel and oxidant 
gas. In addition, when using a porous body, it is desirable to close one [ at least ] hole of the field 
by the side of the fuel electrode of the channel combination separator 5 and the field by the side 
of an oxidizing agent pole so that liquid fuel may not trespass upon the oxidizing agent pole 3. 
Furthermore, in order to improve the flow of oxidizing agent gas, as for the aperture of the 
channel combination separator 5 which consists of a porous body, it is desirable to set up more 
greatly than the aperture of the porous body used as the oxidizing agent pole 3. 
[0074] Furthermore, the form of the oxidant gas supply slot 7 can also use the channel 
combination separator 8 which bent and processed the metallic thin plate with a press, rolling, 
etc., as constraint is not received especially if conditions which were mentioned above are 
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satisfied, and shown in drawing 2 . Such a separator 8 can establish the continuation slot 9 also in 
a fuel electrode 2 side while the oxidant gas supply slot 7 is established in the oxidizer pole 3 
side. Moreover, while establishing the oxidant gas supply slot 7 in the channel combination 
separator 5 (8), it is also possible to establish the slot which passes oxidant gas perpendicularly 
also in the oxidizer pole 3. 

[0075] The fuel installation way configuration member 1 1 is installed in at least one above- 
mentioned side face of a stack 6 so that the liquid fuel installation way 10 may be formed along 
this field. And the liquid fuel (mixed liquor object with the methanol which is usually an 
electrolyte and which serves as a dilute sulfuric acid and a fuel, for example) introduced in the 
above-mentioned liquid fuel installation way 10 is supplied to a fuel electrode 2 by capillary 
force from the side face of a stack 6. Here, if the liquid fuel installation way 10 is established in 
the upper part or the lower part of a stack 6 in case oxidant gas is passed toward the upper part 
from the lower part, the structure of a stack 6 will become very complicated. Therefore, it is 
important for it to prepare in the direction (the inside of drawing, x directions) which intersects 
perpendicularly with the flow of oxidant gas while forming the liquid fuel installation way 10 
along either of four fields except a vertical side among the peripheral faces of a stack 6. 
Moreover, in order to supply the liquid fuel in the liquid fuel installation way 10 to a fuel 
electrode 2 from the side face of a stack 6 by capillary force, on the other hand (for example, 
side-face 4a), two side faces which consist of end faces of the electromotive section 4 among the 
four above-mentioned stack side faces meet at least, and the liquid fuel installation way 10 is 
formed. Namely, the above-mentioned liquid fuel installation way 10 is formed in the direction 
which intersects perpendicularly with the flow of oxidant gas along with at least one field 4a 
which is the field which consists of end faces of the electromotive section 4 among the peripheral 
faces of a stack 6, and a field containing the end face of a fuel electrode 2 when it puts in another 
way, and has been arranged at the flow of oxidant gas, and parallel. Moreover, in order to supply 
liquid fuel to a fuel electrode 2 by capillary force, liquid fuel introduced in the liquid fuel 
installation way 10 is considered as a configuration which contacts the above-mentioned 
electromotive section end-face 4a directly. 

[0076] Without checking the flow of oxidant gas, the whole edge surface of a fuel electrode 2 
can be made into the structure which touches liquid fuel, and these enable it to supply smoothly 
the liquid fuel in the liquid fuel installation way 10 to a fuel electrode 2 by capillary force. And 
since the fuel cell of this example is making the supply direction (the direction of z) of oxidant 
gas, and the introductory direction to stack 6 end face of liquid fuel intersect perpendicularly 
fundamentally, while it can simplify structure, there is little constraint on structure, and it 
becomes possible to miniaturize therefore. 

[0077] in addition, the thing good also as as common as the bolting member of a stack 6 which it 
carries out and is established separately is also possible for the above-mentioned fuel installation 
way configuration member 11-- etc. — especially the configuration or ingredient are not limited. 
However, the part which touches stack 6 side face of the fuel installation way configuration 
member 11 must be insulated in order to prevent the short circuit between cells. This is 
performed by constituting for example, fuel installation way configuration member 1 1 the very 
thing from an insulating material, or making an insulating material intervene between the fuel 
installation way configuration member 1 1 and a stack 6. 

[0078] Liquid fuel is introduced from the fuel storage tank with which the configuration of the 
liquid fuel installation way 10 mentioned above omitted illustration fundamentally, and this 
introduced liquid fuel should just be supplied to a fuel electrode 2 by capillary force. One of the 
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approaches of supplying liquid fuel to the liquid fuel installation way 10 from a fuel storage tank 
is made to carry out natural fall of the liquid fuel of a fuel storage tank, and the approach of 
introducing on the liquid fuel installation way 10 is in it. This approach can introduce liquid fuel 
into the liquid fuel installation way 10 certainly, if the constraint on the structure where a fuel 
storage tank must be formed in a location higher than the top face of a stack 6 is removed. The 
approach of being the capillary force of the liquid fuel installation way 10, and drawing liquid 
fuel from a fuel storage tank as other approaches, is mentioned. When according to this approach 
it becomes unnecessary to make higher than the top face of a stack 6 the location of the fuel inlet 
port established in the node 10 of a fuel storage tank and the liquid fuel installation way 10, i.e., 
a liquid fuel installation way, and it is combined with the above-mentioned natural falling 
method, there is an advantage that the installation of a fuel tank can be set up free. 
[0079] Although it changes with the class of liquid fuel, or quality of the materials of the fuel 
installation way configuration member 1 1 in order to give capillary force to the liquid fuel 
installation way 10, it is desirable to set the clearance between the liquid fuel installation ways 
10 (for t to show among drawing) to about 0.2-5mm. a possibility of producing the short supply 
of liquid fuel if the clearance t between the liquid fuel installation ways 10 is set to less than 
0.2mm ~ it is ~ moreover — If it exceeds 5mm, a possibility that sufficient capillary force may 
not be acquired will arise. Furthermore, when actuation of a cell is stopped for a long period of 
time, if vaporizing and becoming useless, the odor accompanying vaporization, etc. are taken 
into consideration, the smaller one is advantageous [ the liquid fuel in the liquid fuel installation 
way 10 / the volume of the liquid fuel installation way 10 ]. Moreover, it also takes raising 
capillary force into consideration, and, as for the clearance t between the liquid fuel installation 
ways 10, it is more desirable to be referred to as 3mm or less. 

[0080] However, in order to supply succeedingly smoothly the liquid fuel introduced into the 
liquid fuel installation way 10 by capillary force to a fuel electrode 2 by capillary force, it is 
important to set up so that the capillary force to a fuel electrode 2 may become large from the 
capillary force of the liquid fuel installation way 10. Furthermore, in order to raise the capillary 
force of the liquid fuel installation way 10, an insulating porous body and fiber may be arranged 
to the interior. In this case, the clearance t between the above-mentioned liquid fuel installation 
ways 10 may exceed 5mm. In addition, it is not limited to one along the side face of a stack 6, 
and the number of the liquid fuel installation ways 10 can also form the liquid fuel installation 
way 10 also in the stack side face of another side. 

[0081] Moreover, a fuel storage tank which was mentioned above can be made removable from a 
cell proper. It enables this to perform actuation of a cell continuously by exchanging a fuel 
storage tank for a long time. In this case, in order to operate equipment continuously also at the 
time of a changing battery, when a fuel storage tank is separated, the fuel needs to remain in the 
cell. Such a fuel stores dept. is a feed zone to the liquid fuel installation way 10 and a fuel 
electrode 2, or fuel electrode 2 the very thing, and considering the swap time of a fuel storage 
tank, as for the amount of the fuel which remains, it is desirable to make equipment into the 
amount which can operate 1 minute or more at least. Moreover, the supply of liquid fuel on the 
liquid fuel installation way 10 from a fuel storage tank is good also as a configuration which 
extrudes liquid fuel with natural fall which was mentioned above, the internal pressure in a tank, 
etc., and can also be considered as a configuration which pulls out a fuel by the capillary force of 
the liquid fuel installation way 10. In this case, when based on the internal pressure in natural fall 
or a tank, the outlet clearance between fuel storage tanks is not restrained in the clearance 
between the liquid fuel installation ways 10, but when based on capillary force, it is more 
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desirable than the clearance between the liquid fuel installation ways 10 to enlarge the outlet 
clearance between fuel storage tanks. 

[0082] The liquid fuel introduced in the liquid fuel installation way 10 by approach which was 
mentioned above is supplied to a fuel electrode 2 by capillary force. As capillary force for 
drawing this liquid fuel in a fuel electrode 2 side, the capillary force of the porous body itself 
which serves as a fuel electrode 2 first is mentioned. When using such capillary force, while 
considering as the so-called continuation hole with which the hole of the fuel electrode 2 which 
is a porous body was made to connect and controlling the aperture, it becomes possible to supply 
liquid fuel by capillary force smoothly also in a longitudinal direction by considering as the free 
passage hole which continued from fuel electrode 2 side face by the side of the liquid fuel 
installation way 10 to at least other whole surface. Moreover, when cell area becomes large, 
since a cell reaction advances intensively by the entry side of liquid fuel, the speed of supply of 
liquid fuel not only becomes slow, but there is a possibility that the amount of supply of a fuel 
may decrease, so that it becomes far from the liquid fuel installation way 10. In such a case, it is 
effective to establish the liquid fuel installation way 10 also in the stack side of another side with 
which are satisfied of the conditions mentioned above. 

[0083] The aperture of the porous body used as a fuel electrode 2 etc. is 0.2-300 micrometers, 
after taking into consideration the clearance between the liquid fuel installation ways 10 that 
what is necessary is just what can draw the liquid fuel in the liquid fuel installation way 10, 
although not limited especially. Considering as extent is desirable. Moreover, as for the volume 
of the hole used as the index of the continuity of the hole in a porous body, it is desirable to 
consider as about 35 - 80%. It is 0.2 micrometers about an aperture. If it is made small, 
manufacture of a fuel electrode 2 becomes difficult, and it is 300 micrometers. If it exceeds, 
capillary force will decline. Since the amount of a continuation hole will become less and the 
closed holes will increase in number if the volume of a hole becomes under 35 %, it becomes 
impossible moreover, to fully acquire capillary force. On the contrary, if the volume of a hole 
exceeds 80%, although the amount of a continuation hole will increase, manufacture becomes 
difficult while becoming weak in reinforcement. An aperture is 0.5-100 micrometers practical. 
As for the range and the volume of a hole, it is desirable to consider as 45 - 75% of range. 
[0084] Moreover, in order to draw liquid fuel in a fuel electrode 2 by capillary force, it is 
desirable to open at least one of the side faces other than the side face by the side of the liquid 
fuel installation way 10 so that it may ****** with the liquid fuel with which the air in a fuel 
electrode 2 was drawn. However, as for side faces other than the field which the fuel electrode 2 
described above, closing, when controlling volatilization of liquid fuel is desirable. 
[0085] As liquid fuel is shown not only in the capillary force of the porous body itself which 
serves as the fuel electrode 2 mentioned above as capillary force for drawing in a fuel electrode 2 
side but in drawing 3 . it is also possible to constitute so that the liquid fuel supply slot 12 may be 
formed horizontally (the inside of drawing, the direction of y) as a continuation slot and liquid 
fuel may be drawn in a fuel electrode 2 side in the field which touches the fuel electrode 2 of the 
channel combination separator 5 using the capillary force of this liquid fuel supply slot 12. In 
this case, the liquid fuel installation way 10 shall be formed so that the open end section and 
liquid fuel of the liquid fuel supply slot 12 may touch directly at least. Moreover, it is also 
possible to use together the capillary force of the porous body itself used as the capillary force of 
the liquid fuel supply slot 12 and a fuel electrode 2. 

[0086] Although the configuration of the above-mentioned liquid fuel supply slot 12 does not 
receive constraint especially if capillary force can be demonstrated, it needs to make capillary 
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force by the slot 12 at least smaller than the capillary force of a fuel electrode 2. Although the 
liquid fuel in the liquid fuel installation way 10 is supplied in the liquid fuel supply slot 12, it 
becomes impossible to supply it to a fuel electrode 2, if the capillary force of a slot 12 is larger 
than that of a fuel electrode 2. Although the configuration of the liquid fuel supply slot 12 
changes with wettability of the component of the channel combination separator 5, and liquid 
fuel, as for the width of face, it is desirable to consider as the range of 0.2- 10mm. 
[0087] If the width of face of the liquid fuel supply slot 12 exceeds 10mm, capillary force will 
become small, the capillary force of a fuel electrode 2 will serve as a subject after all, and the 
semantics in which the liquid fuel supply slot 12 was formed will be lost. On the contrary, if the 
width of face of a slot 12 is set to less than 0.2mm, although capillary force will improve, a 
process that it is difficult for supply of liquid fuel to stop fulfilling a cell reaction upwards, and to 
cut a slot with the usual process and special is needed. The same is said of the depth of flute, and 
it is desirable to consider as the range of 0. l-2mm as the depth of flute. When the depth of a slot 
12 is especially made deep too much, a thick kink colander will not be obtained for the thickness 
of the channel combination separator 5, but, as a result, a miniaturization will be checked. 
Furthermore, since there is a possibility of it not only becoming useless, but vaporizing and 
emitting an odor in connection with vaporization when supply of a fuel is stopped, a generation 
of electrical energy is stopped and a lot of liquid fuel remains, as for the depth of flute, it is more 
desirable to be referred to as 1mm or less. Moreover, in order that the width of face of a slot may 
make [ many ] electric contact in addition to the same reason, it is more desirable to be referred 
to as 5mm or less, and it is 3mm or less desirably. 

[0088] Moreover, when introducing liquid fuel into the liquid fuel installation way 10 by the 
capillary force from a fuel storage tank as mentioned above since it is what draws liquid fuel by 
the capillary force from the liquid fuel installation way 10, the above-mentioned liquid fuel 
supply slot 12 is set up so that the capillary force of the liquid fuel supply slot 12 may become 
large from the capillary force of the liquid fuel installation way 10. Although the difference of 
such capillary force is fundamentally decided with the cross section of the liquid fuel installation 
way 10 and the liquid fuel supply slot 12, and the component of a separator 5 and the ingredient 
of the fuel installation way configuration member 1 1, it is desirably more desirable than the 
clearance t between the liquid fuel installation ways 10 to make small either [ at least ] the width 
of face of the liquid fuel supply slot 12 or the depth. Thus, the configuration of the liquid fuel 
supply slot 12 shall be set up after taking into consideration the configuration of the porous body 
used as a fuel electrode 2, or the liquid fuel installation way 10. Moreover, as for the 
configuration of the liquid fuel supply slot 12, it is desirable to set up so that it is necessary to 
also take into consideration the configuration of the oxidant gas supply slot 7 for example, and 
the width of face and the depth of the oxidant gas supply slot 7 may become about 1.1 to 20 
times from it of the liquid fuel supply slot 12. They are about 1.2 to 10 times still more desirably. 
[0089] The above-mentioned liquid fuel supply slot 12 must not necessarily be formed 
horizontally, and may be leaned and formed in 45 - 90 degrees toward a perpendicular direction 
(the direction of z). However, the formation field of the liquid fuel supply slot 12 becomes 
narrow, and it is desirable [ so effective fuel-supply ways ], when an inclination becomes large to 
make it 30 or less degrees as an inclination in order to decrease in number. In addition, it is not 
this limitation when establishing the liquid fuel installation way 10 in both sides of a stack 6. 
[0090] Thus, since a fuel can be supplied also to the longitudinal direction of a fuel electrode 2 
through a slot 12 at coincidence while liquid fuel is supplied to a fuel electrode 2 from the whole 
edge surface of a fuel electrode 2 by establishing the liquid fuel supply slot 12 which extends 
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horizontally in the channel combination separator 5, it becomes possible to supply still more 
smoothly the liquid fuel in the liquid fuel installation way 10 to a fuel electrode 2. It becomes 
possible to advance a cell reaction to homogeneity all over electromotive section 4 by this, and a 
well head can be attained. In addition, although the above-mentioned example explained what 
formed both the oxidant gas supply slot 7 and the liquid fuel supply slot 12 in the channel 
combination separator 5, a channel may be separately installed to a fuel electrode 2 and the 
oxidizer pole 3. In such a case, the conductive plate which does not make gas penetrate is 
installed among both channels, or separation with liquid fuel and oxidant gas is aimed at by 
closing the hole of the field of one [ at least ] channel etc. However, in order to enable reduction 
of components mark, as a result much more miniaturization, it is desirable to make a channel 
serve a double purpose. 

[0091] Moreover, in drawing liquid fuel in a fuel electrode 2 by capillary force from the liquid 
fuel installation way 10, the improvement in capillary force is important. Capillary force 
becomes so large that the clearance between capillary tube paths is small as mentioned above, 
and the wettability to the liquid fuel of a capillary tube path is large. Amelioration of the 
capillary tube section front face which causes capillary force from a viewpoint which enlarges 
wettability to the liquid fuel of a capillary tube path is effective, and it is effective to prepare an 
oxide skin especially in this front face. That is, it becomes remarkably large and the rate which 
draws liquid fuel in a cell not only becomes quick, but capillary force can extend the range of 
liquid fuel by preparing an oxide skin in the inside of the liquid fuel supply slot 12 established in 
the porous body internal surface and the channel combination separator 5 of a fuel electrode 2. 
Thereby, even if the area of a fuel cell is large, it not only can respond now, but it can shorten the 
duration at the time of starting a cell. However, as for the above-mentioned oxide skin, it is 
desirable to form so that the void content of a porous body may not be reduced. In the end face 
of the fuel electrode 2 which touches the liquid fuel installation way 10 especially, it is important 
to make it not plug up the inlet port of liquid fuel with formation of an oxide skin. 
[0092] By the way, a fuel electrode 2 must conduct the electron generated as a result of the cell 
reaction. Therefore, the oxide skin prepared in fuel electrode 2 front face must not check the 
above-mentioned electronic conduction. If the oxide skin prepared in a fuel electrode 2 is 
insulation, an oxide skin will be formed except for the front face of the field in contact with the 
separator 5 of a fuel electrode 2, a channel, etc. Moreover, when preparing an oxide skin in the 
liquid fuel supply slot 12, it limits to the internal surface and an oxide skin is formed. 
[0093] Moreover, when introducing liquid fuel to the liquid fuel installation way 10 by capillary 
force, formation of an oxide skin is effective also about the internal surface of the liquid fuel 
installation way 10. 

[0094] The approach of raising temperature in an oxidizing atmosphere and a steam ambient 
atmosphere, and oxidizing a metaled front face as the formation approach of such an oxide skin, 
the approach of processing with chemicals, such as alkali, etc. are mentioned. Moreover, removal 
of an oxide skin can perform the part by the mechanical approach, for example, polishing, 
cutting, etc. 

[0095] In each above-mentioned example, although the fuel cell which has the stack 6 which 
carried out the laminating of the electromotive section 4 through the channel combination 
separator 5 was explained, in the fuel cell of this invention, neither a separator nor a channel is 
necessarily required. For example, as shown in drawing 4 , it is also possible to carry out direct 
two or more laminatings of the electromotive section 4 which pinched the electrolyte plate 1 on 
the fuel electrode 2 and the oxidizer pole 3, and to constitute a stack 13. Under the present 
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circumstances, as shown in drawing 4 , the oxidant gas supply slot 7 is perpendicularly formed in 
the field adjacent to the oxidizer pole 3 of a fuel electrode 2 as a continuation slot, and as shown 
in drawing 5 , it is perpendicularly formed in the field which touches the fuel electrode 2 of the 
oxidizer pole 3. Moreover, as shown in drawing 6 , the oxidant gas supply slot 7 may be 
established in the field which touches the electrolyte plate 1 of the oxidizer pole 3. Furthermore, 
the oxidant gas supply slot 7 needs to be in contact with neither an electrolyte plate 1 nor a fuel 
electrode 2. Thus, oxidant gas can be smoothly passed also by forming the oxidant gas supply 
slot 7 in a fuel electrode 2 or the oxidizer pole 3 directly. In addition, the configuration of those 
other than these, i.e., liquid fuel installation way 10 grade, is considered as the same 
configuration as the fuel cell of the example mentioned above. And since components mark are 
more reducible by considering as the above-mentioned configuration, a miniaturization can be 
attained further. 

[0096] Moreover, as described above, to consider as a configuration which a fuel electrode 2 and 
the oxidizer pole 3 meet with directly, it is necessary to prevent that liquid fuel is drawn in the 
oxidizer pole 3 from a fuel electrode 2. When liquid fuel is drawn in the oxidizer pole 3, it is 
because oxidant gas stops being able to flow easily and a cell reaction will be checked. What is 
necessary is just to control the aperture of the porous body which serves as the oxidizer pole 3 
fundamentally in magnitude which does not draw liquid fuel by capillarity as an approach of 
preventing invasion of liquid fuel to the above-mentioned oxidizer pole 3. However, the above- 
mentioned aperture may have to be made into magnitude which draws liquid fuel by capillarity 
depending on the device to apply. In such a case, what is necessary is just to close the hole of the 
field by the side of the oxidizer pole 3 of the porous body used as a fuel electrode 2 irrespective 
of in any the oxidant gas supply slot 7 shall be formed between the fuel electrode 2 or the 
oxidizer pole 3. However, although you may also close the hole of the field by the side of the 
fuel electrode 2 except the slot 7 of the oxidizer pole 3 when establishing the oxidant gas supply 
slot 7 in the oxidizer pole 3, it is desirable for there to be a possibility that liquid fuel may 
trespass upon the oxidizer pole 3 through the side face of the oxidant gas supply slot 7, and to 
close the hole of the contact surface with the fuel electrode 2 of the oxidizer pole 3 and the side 
face of the oxidant gas supply slot 7 in this case. 

[0097] As an approach of closing the above-mentioned hole, make into the shape of a slurry the 
ingredient which does not check a flow with a fuel electrode 2 and the oxidizer pole 3, and it is 
applied, or polishing, grinding, etc. are processed on the field concerned, and melting, the 
approach of making it solidify, etc. are mentioned to the approach of closing a hole with the 
plastic deformation produced in a porous body in that case, and a pan in the field concerned by 
the electron beam or laser. Moreover, when forming the oxidant gas supply slot 7 in the oxidizer 
pole 3, it can prevent that liquid fuel trespasses upon the oxidizer pole 3 also by [ which do not 
let liquid fuel pass to the interface of a fuel electrode 2 and the oxidizer pole 3 ] inserting 
conductive ingredients, such as a metal plate, for example. 

[0098] By the way, each fuel cell of each above-mentioned example has structure which touches 
directly the edge of the oxidizer pole 3 and the edge of an electrolyte plate 1 whose liquid fuel in 
the liquid fuel installation way 10 is a porous body. When touching liquid fuel at the edge, liquid 
fuel is drawn in the oxidizer pole 3 by capillary force, and the drawn liquid fuel makes the path 
of oxidant gas blockaded, since especially the oxidizer pole 3 cannot supply gas to an electrolyte 
plate 1 if it is not a porous body. Therefore, liquid fuel needs to prevent entering from the edge 
of the oxidizer pole 3. 

[0099] Prevention of invasion of liquid fuel to the oxidizer pole 3 should just control the aperture 
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of the porous body used as the oxidizer pole 3 fundamentally in magnitude which does not draw 
liquid fuel by capillary force. However, the above-mentioned aperture may have to be made into 
magnitude which draws liquid fuel by capillary force depending on the device to apply. Invasion 
prevention of the liquid fuel in such a case is performed by covering the field adjacent to the 
liquid fuel installation way 10 of closing the hole of the field by the side of the liquid fuel 
installation way 10 of the oxidizer pole 3 or the oxidizer pole 3 by the seal member etc. As 
these concrete approaches, a side face is covered with plates, such as a metal, an inorganic 
substance, ceramics, and the organic substance, a foil, the film, etc., for example, or these 
approaches of applying independent or the end of composite powder in the shape of a slurry etc. 
are illustrated. Moreover, it is also possible to apply the approach of using the plastic 
deformation mentioned above, and melting and the approach of making it solidify. 
[0100] Moreover, as an approach of covering the side face of the latter oxidizing agent pole 3 by 
the seal member, when using a separator 5. a channel, etc.. as shown in draw i tig 7 . the approach 
whose seal member 14 is pinched with a fuel electrode 2 and the channel combination separator 
5 is mentioned so that it may be located in the oxidizing agent pole 3 and the side face of an 
electrolyte plate 1. In this case, if the seal member 14 has electronic conduction nature, since the 
short circuit between fuel electrodes 2 will take place and an output will no longer be obtained, 
the seal member 14 is formed with an insulating ingredient. In addition, the seal member 14 must 
not necessarily be pinched between a fuel electrode 2 and the channel combination separator 5, 
and only the side face of inserting between fuel electrodes 2 **** or the oxidizer pole 3 can also 
pinch it. 

[0101] Moreover, when using neither a separator nor a channel, as shown in drawing 8 , the side 
face of the oxidizer pole 3 can be covered by the seal member by pinching the seal member 14 
same between fuel electrodes 2. Under the present circumstances, only the side face of the 
oxidizer pole 3 can also pinch the seal member 14. 

[0102] By the way, in the stack 6 (13) which carried out the laminating of the electromotive 
section 4, in order to secure the electric contact between the electromotive sections 4, a stack 6 
(13) must be bound tight. In this case, when putting in another way by constituting the above- 
mentioned seal member 14 from an ingredient which has rubber elasticity and the electromotive 
section 4 is bound tight, while being able to acquire certainly the electric contact described above 
when the seal member 14 pinched between electromotive section 4 components or the channel 
combination separator 5 (it is hereafter described as a stack component part) deformed in rubber 
elasticity, the seal effectiveness of liquid fuel can be acquired. 

[0103] That is, if the thickness of this rigid-body ingredient is thinner than the thickness of the 
stack component part covered by that cause when it is the rigid-body ingredient which the 
ingredient inserted between stack component parts does not deform, since a clearance will be 
made between a stack component part and a rigid-body ingredient, the seal of liquid fuel is not 
made. If the thickness of a rigid-body ingredient is thicker than the thickness of the stack 
component part covered by that cause, a clearance will be made between the oxidizer pole 3 or 
electrolyte plate 1 grade, and it will become impossible on the contrary, to secure electric 
contact, even if it binds a stack 6(13) tight. Although coexistence of the seal of electric contact 
and liquid fuel is possible if the above-mentioned thickness is the same theoretically, it is 
difficult to make thickness of electromotive section 4 components regularity strictly in fact. 
[0104] On the other hand, when a stack 6 (13) is bound tight, the difference of the thickness of a 
stack component part and the thickness of the seal member 14 can be made to absorb by 
deformation of the seal member 14 by giving rubber elasticity to the seal member 14 pinched 



Machine Translation of JP06-1 88008 
Page 22 of 46 



between stack component parts. It enables this to obtain the seal nature of electric contact and 
liquid fuel certainly. As a rubber elasticity ingredient, if crude rubber, the rubber made from 
Teflon, etc. demonstrate rubber elasticity, they can use various ingredients, for example. 
[0105] Moreover, as mentioned above, when pinching the seal member 14 between stack 
component parts, in order to prevent still more certainly invasion of liquid fuel to the oxidizer 
pole 3, as shown in drawing 9 , it is effective to consider as a configuration which a clearance 15 
is formed between the oxidizer pole 3 and the seal member 14, and the seal member 14 and the 
oxidizer pole 3 do not meet with directly. Thereby, also when liquid fuel should leak from the 
fault section of a seal, it can avoid that liquid fuel is drawn in the direct oxidizer pole 3. 
Furthermore, in order to ensure mixing prevention to the oxidizer pole 3 of liquid fuel, it is 
closing the hole of the side face of the oxidizer pole 3. 

[0106] In addition, the side face of the liquid fuel installation way 10 and the opposite side of the 
oxidizer pole 3 does not necessarily need to prepare the seal member which has rubber elasticity, 
and may make a part of insulating cell receipt member serve a double purpose as a sealant. In 
this case, it is desirable to prepare a clearance between the edge of the oxidizer pole 3 and a cell 
receipt member at least from a viewpoint which prevents invasion of liquid fuel to the oxidizer 
pole 3. 

[0107] By the way, in drawing 1 thru/or drawing 9 , although the case where the fuel electrode 2, 
the electrolyte plate 1, and the oxidizer pole 3 had touched at the flat surface was shown, in order 
to enlarge cell area, it is good also considering each contact surface as the shape of a curve. The 
case where the contact surface of a fuel electrode 2 and an electrolyte plate 1 is wavelike is 
shown in drawing 10 . Although the wavelike side should just be formed in either [ at least ] the 
contact surface of a fuel electrode 2 and an electrolyte plate 1, or the contact surface of the 
oxidizer pole 3 and an electrolyte plate 1, it is more desirable that the contact surface of a fuel 
electrode 2 and an electrolyte plate 1 is carrying out the wave from a viewpoint of a cell reaction. 
[0108] Moreover, the carbon dioxide produced by the decomposition reaction of the liquid fuel 
in a fuel electrode can be made to discharge efficiently in the fuel cell of this invention by 
establishing the slot on vertical in the field which touches the electrolyte plate of a fuel electrode 
further. 

[0109] In the fuel cell of this invention, as mentioned above, a stack 6 (13) must be bound tight 
in order to secure the electric contact between the electromotive sections 4. It is also possible to 
also apply the same approach as the conventional fuel cell to this bolting and to consider as a 
configuration which is bound tight by the cell bolting member 17 formed with the ingredient 
which shows insulation for a stack 16 and has rubber elasticity as shown in drawing 11 , 
although it is possible. By using such a cell bolting member 17, it becomes possible easily and to 
ensure bolting of a stack 16. 

[0110] As described above, in case the cell bolting member 17 is used, a dimension is made 
smaller outside a stack 16 than a dimension in order to bind a stack 16 tight. And after extending 
the cell bolting member 17 and inserting a stack 16 into it, the force which has extended the cell 
bolting member 17 is released, and a stack 16 is bound tight by the stability of a rubber elasticity 
ingredient. In this case, as shown in drawing 11 , the liquid fuel installation way 10 may be 
established in the cell bolting member 17, and its cell bolting member 17 is possible also for 
forming as another components. 

[0111] By the way, the cell bolting member 17 formed with the ingredient in which the above- 
mentioned rubber elasticity is shown can be used not only for a methanol fuel cell but for various 
kinds of fuel cells shown in each above-mentioned example. However, it becomes a usage 
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condition that the heat-resistant temperature of a rubber elasticity ingredient is more than an 
operating temperature of a fuel cell. When using a common heat-resistant rubber ingredient from 
such a thing, it is possible to apply to phosphoric acid fuel cells including the methanol fuel cell 
mentioned above, a solid-state polyelectrolyte mold fuel cell, an alkaline electrolytic-solution 
mold fuel cell, a hydrazine fuel cell, etc. Moreover, as an ingredient in which rubber elasticity is 
shown, it is possible not only various kinds of rubber but to use a metal spring etc. In such a 
case, it is applicable to a fused carbonate fuel cell, a solid oxide fuel cell, etc. 
[0112] In applying the cell bolting member formed with the ingredient in which the rubber 
elasticity mentioned above is shown to a general fuel cell For example, the electrolyte plate 
pinched by a fuel electrode, an oxidizer pole, and these two electrodes as shown in drawing 12 , 
It binds tight with the cell bolting components 19 formed with the ingredient in which rubber 
elasticity is shown like the example which mentioned above the perimeter of the stack 18 which 
carried out two or more laminatings of the electromotive section (eel) which furthermore has a 
gas channel if needed through the separator if needed. 

[0113] Although drawing L2 showed the example bound tight from four perimeters of a stack 18 
to homogeneity with the cell bolting components 19, the bolting force should just be the 
configuration that it is added in the direction of a laminating of a stack 1 8 at least. Namely, the 
original purpose which binds a stack 18 tight improved contact between each cell component, 
and since it is in making small the electric resistance resulting from the contact resistance 
between components as much as possible, the bolting force should just be added in the direction 
of a laminating of a stack 18 at least. Then, as shown in drawing 13 , it is also possible to use the 
cell bolting components 20 grade which prepared rubber elasticity components 20a in the 
direction of a laminating of a stack 18. 

[01 14] As shown in drawi ng 12 , the cell bolting components 19 function all the peripheral faces 
of a stack 18 on a wrap case also as a heat insulator with a rubber elasticity ingredient. Moreover, 
as shown in drawing 13 , the heat which was produced from the open section 20b in the cell 
reaction in the case of the cell bolting components 20 which open a part of side face of a stack 18 
can be missed outside. When it can choose according to the use gestalt of a fuel cell, for 
example, improvement in early availability is aimed at, or when the heat dissipation from a fuel 
cell does a bad influence to surrounding components etc., the cell bolting components 19 as 
shown in drawing 12 are suitable for these. Moreover, when too much accumulation has a bad 
influence on a fuel cell, the cell bolting components 20 as shown in drawing 13 are suitable. In 
addition, when using the cell bolting components 19 as shown in drawing 12 , it can also be used 
separately, being able to prepare the cooler style of a fuel cell. 

[0115] Moreover, if the bolting force of the direction of a field of a stack 18 is too large when 
using the cell bolting components 19 and 20 shown in drawing 12 or drawing 13 , too much 
force may join the corner of a stack 18, and a corner may receive damage. For this reason, 
although it is necessary to bind tight in the range which is the force to the direction of a field of a 
stack 18 fundamentally, and a corner does not damage, and to adjust the force, after covering the 
corner of a stack 18 with a rigid ingredient, it is desirable to bind tight with the cell bolting 
components 19 and 20. As especially shown in drawing 14 , it can decrease from a stack 18 even 
to extent which can disregard most force concerning each corner 18a of SUTTAKU 18 by 
installing the rigid member 21 of a large area in the both-ends side of the direction of a 
laminating of a stack 18, and binding it tight from on the with the cell bolting components 19 
(20) which consist of a rubber elasticity ingredient. In addition, in the case of structure which a 
rigid ingredient makes short-circuit between eels (for example, the case of the structure inserted 
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in so that a rigid ingredient might surround the corner of a stack 18), it is necessary to aim at an 
insulation between SUTTAKU 18. However, when using a rigid ingredient also [ plate / electric / 
ejection ], it is desirable that it is a conductive single plate. 

[0116] As structure of cell bolting components, what [ not only ] was shown in drawing 12 or 
drawing 13 but the thing for which cell bolting components are constituted combining a rubber 
elasticity ingredient and a rigid ingredient as are mentioned above and the direction of a 
laminating of a stack is shown in drawing 15 or drawing 16 at least that what is necessary is just 
the structure bound tight with rubber elasticity is possible. 

[0117] Drawing 15 arranges the rigid member 22 to the both-ends side of the direction of a 
laminating of a stack 18, respectively, and it shows the structure which bound the stack 18 tight 
in the direction of a laminating while it connects between these rigidity members 22 with the 
rubber elasticity components 23 which cover the side face of a stack 18. Moreover, drawing 16 
arranges the rigid member 22 to the both-ends side of the direction of a laminating of a stack 18, 
respectively, and shows the structure which bound the perimeter including these rigidity member 
22 tight with the band-like rubber elasticity components 24. Thus, various kinds of combination 
can be used for the combination of a rubber elasticity ingredient and a rigid ingredient at least 
that the direction of a laminating of a stack should just be bound tight with rubber elasticity. 
[0118] As long as a stack 18 is an external manifold type, you may bind tight from a manifold 
various kinds of cell bolting components which were mentioned above. In this case, as shown in 
drawing 1 1 , some cell bolting components can also be used also [ manifold ]. 
[0119] Moreover, in order to bind a stack tight, when bolting [ it is necessary to make the inside 
dimension method corresponding to the direction of a laminating of a stack at least smaller than 
the dimension outside the direction of a laminating of a stack and ] actually, after various kinds 
of cell bolting components mentioned above once open cell bolting components and insert a 
stack into it, they must release the force which has opened cell bolting components. Under the 
present circumstances, in order to make it easy to open cell bolting components and to release 
the force after stack insertion, as shown in drawing. 17 , it is desirable to prepare notching 25 a for 
extending in inside 4 corner of the cell bolting components 25. After inserting the rod for 
opening the cell bolting components 25 in notching 25a of the four above-mentioned corners and 
releasing the force, it becomes possible by drawing out a rod to bind a stack tight easily. 
Moreover, as shown in drawing 14 , the rigid member 21 of a large area is installed in a both- 
ends side from a stack 18, and release of the force can also be made easy while opening the cell 
bolting components 19 using the space formed between the cell bolting components 19 and a 
stack 18. 

[0120] In addition, if the bolting force required for the direction of a laminating of a stack is 
acquired as a rubber elasticity ingredient used for the cell bolting components mentioned above 
while having insulation, various rubber ingredients can be used, for example, crude rubber and 
the rubber made from Teflon will be illustrated. Moreover, the rubber ingredient which has 
thermal resistance, acid resistance, and alkali resistance is used according to the class of fuel cell. 
[0121] Since a bolting activity becomes easy and small [ of the bolting components itself ] and 
lightweight-ization can be attained compared with the conventional bolting method etc. by using 
the cell bolting components of a stack which bind the direction of a laminating tight at least with 
rubber elasticity which was mentioned above, it contributes to the miniaturization of a fuel cell 
greatly. Moreover, since the bolting force can be adjusted easily, the correspondence to various 
kinds of fuel cells is easy. 

[0122] Moreover, it is desirable [ as mentioned above, it is not limited to the existence of the 
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catalyst bed in a fuel electrode 2 and the oxidizer pole 3 etc., but ] to raise migratory [ of the 
proton to generate ] while it raises the effectiveness of the oxidation reaction by the side of a fuel 
electrode 2, since the fuel cell of this invention is a configuration which supplies liquid fuel to a 
fuel electrode 2 by capillary force. The approach of constituting from a fuel oxidation catalyst 
particle which made the fuel oxidation catalyst exist in island shape as an approach of filling 
such a demand for example without lapping a fuel electrode 2 in general mutually on the support 
of heat-resistant acid resistance, and made the proton conductivity matter of heat-resistant acid 
resistance exist in the front face of a fuel oxidation catalyst at least is mentioned. 
[0123] As the example (a) of a fuel oxidation catalyst particle which was mentioned above Fuel 
oxidation catalyst particle which the fuel oxidation catalyst was made to exist in island shape 
without lapping in general mutually on the support of heat-resistant acid resistance, and covered 
the front face of this fuel oxidation catalyst with the proton conductivity thin film of heat- 
resistant acid resistance at least. 

[0124] (b) A fuel oxidation catalyst is made to exist in island shape without lapping in general 
mutually on the support of heat-resistant acid resistance, and the fuel oxidation catalyst particle 
covered with the thin film which made the proton conductivity matter hold in the macromolecule 
network which has heat-resistant acid resistance for the front face of this fuel oxidation catalyst 
at least is illustrated. 

[0125] Above (a) It reaches. Fundamentally also in any of (b), a fuel electrode 2 is constituted by 
the porous body of support which consists of a carbon particle which supported the fuel 
oxidation catalyst, Ti carbide, etc. The porous body held by hydrophobic resin bond agent like 
polytetrafluoroethylene constitutes the fuel oxidation catalyst particle which specifically consists 
of support which supported the above-mentioned fuel oxidation catalyst. And the above- 
mentioned fuel oxidation catalyst particle describes above, (a) It reaches. It is covered with one 
thin film of the (b). As the above-mentioned fuel oxidation catalyst, a Pt-Ru alloy, a Pt-Au alloy, 
a Pt-Sn alloy, a Pt-Re alloy, a Pt-Mo alloy, a Pt-Ti alloy, etc. can be used with platinum metals, 
such as a precious metal catalyst, for example, Pt, Pd, etc. 

[0126] Above As shown in drawing 18 , on the front face of the support particle 26 which 
consists of a conductive particle which has heat-resistant acid resistance, such as a carbon 
particle and Ti carbide, the fuel oxidation catalyst particle of (a) makes the fuel oxidation catalyst 
27 which was described above exist in island shape, and covers the front face of this fuel 
oxidation catalyst 27 and the support particle 26 with the proton conductivity thin film 28 of 
heat-resistant acid resistance. If the front face of the fuel oxidation catalyst 27 is covered at least, 
effectiveness will be acquired, but as shown in drawing 18 , by covering the whole including the 
front face of the support particle 26 with the proton conductivity thin film 28, the proton 
conductivity thin film 28 can also prevent the corrosion of the support particle 26, and becomes 
possible [ attaining reinforcement ]. 

[0127] If the above-mentioned proton conductivity thin film 28 is the ingredient of heat-resistant 
acid resistance, it will not ask an organic material and an inorganic material. Also in it, the ion- 
exchange resin which makes a frame the fluorine-containing giant molecule of an organic 
system, for example, perfluorocarbon sulfonic acid resin, is suitable. Moreover, the thickness of 
the proton conductivity thin film 28 is 1 micrometer. Considering as the following is desirable. If 
thickness is not much thick, a reaction may be checked conversely. The approach of solution- 
izing ion exchange resin which was described above as an approach of covering the front face of 
a fuel oxidation catalyst with a proton conductivity thin film, and covering this is common, and 
simple. It is 1 micrometer in thickness especially. The electrochemical coating method using the 
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solution-ized ion exchange resin is excellent as an approach of forming the following uniform 
thin films very thinly. 

[0128] Moreover, the above The fuel oxidation catalyst particle of (b) is described above as 
shown in drawing 19 . It covers with the thin film 31 which made the proton conductivity matter 

30 hold in the macromolecule network 29 which has heat-resistant acid resistance for the front 
face of the fuel oxidation catalyst 27 which made island shape exist in the front face of the same 
support particle 26 as (a), and the support particle 26. 

[0129] As the above-mentioned macromolecule network 29, while having heat-resistant acid 
resistance, if excelled in bonding strength with support or a fuel oxidation catalyst, various 
polymeric materials can be used. If bonding strength with support or a fuel oxidation catalyst is 
taken into consideration, the poly aniline especially by electrolytic polymerization, polypyrrole, 
polyphenylene sulfide, etc. are suitable. Moreover, the monomer and polymer which can use 
various ingredients if the proton conductivity matter 30 held all over this macromolecule 
network 29 is the ingredient of heat-resistant acid resistance, for example, have proton 
conductivity are used. As a proton conductivity monomer, for example Trifluoro methansulfonic 
acid, The derivative of fluorination sulfonic acids, such as tetrafluoro ethane disulfonic acid, 
(HO) - 2 OP (CF2) PO (OH)2 and (HO) 2 OP2 (CF2) PO (OH) - two etc. - the derivative of 
fluorination diphosphoric acid - (CF3 S02 CH2 S02 CF2 CF2) 2 and CF3 S02 NHS02 C four 
F9 etc. - the derivative of a fluorination sulfonyl acid is illustrated. Moreover, as a proton 
conductivity polymer which has the same property, the ion-exchange resin which makes a frame 
the fluorine-containing giant molecule of an organic system, for example, perfluorocarbon 
sulfonic acid resin etc., is illustrated. In practice, Nafion 1 17 (a trade name, Du Pont make), the 
DOW film (a trade name, Dow Chemical Co. make), etc. are solution-ized, and it uses by 
making the polymer molecule contained in this hold to a macromolecule network. 
[0130] It is desirable to use electrolytic polymerization as the formation approach of a thin film 

31 of having held the proton conductivity matter 30 in such a macromolecule network 29, as 
mentioned above. For example, by the support which supports a fuel oxidation catalyst, a porous 
electrode base is produced, as one electrode of electrolytic polymerization, this is supplied in the 
electrolytic bath containing a macromolecule network ingredient and the proton conductivity 
matter, is energized between the above-mentioned electrode and a counter electrode, and 
electrolytic polymerization is performed. A macromolecule network is formed by this, 
incorporating the proton conductivity matter inside, and such matter is incorporated in an 
electrode base. The fuel oxidation catalyst front face on support is covered with such electrolytic 
polymerization with the thin film which holds the proton conductivity matter in a macromolecule 
network. Under the present circumstances, as for electrolytic polymerization, it is desirable to 
carry out by passing a pulse-like current. Thereby, it is mum of an electrode base. The 
macromolecule network which holds the proton conductivity matter efficiently in the micropore 
of order can be made to incorporate. In addition, it adds beforehand in the electrolyte of a fuel 
cell, and the proton conductivity matter can also be made to incorporate all over a 
macromolecule network at the time of a cell reaction. Moreover, with quantity of electricity to 
pass, thickness is controllable and is described above. It is desirable to suppose that it is 
comparable as the proton conductivity thin film 28 in (a). In the fuel cell using a fuel electrode 
which was mentioned above As shown in dxawing. 20 , the thin film 31 which made the proton 
conductivity matter hold in the macromolecule network which has the proton conductivity thin 
film 28 of wrap heatproof acid resistance and heat-resistant acid resistance for the front face of 
the fuel oxidation catalyst 27 in a fuel electrode In order to function as a migration path of the 
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proton (H+) generated by oxidation reaction of liquid fuel, it can be efficient, the liquid fuel 
drawn in the fuel electrode by capillarity can be made to react, and it becomes possible to attain 
high performance-ization of a fuel electrode. Furthermore, existence of the proton in the thin film 
28 which has proton conductivity, and 3 1 enables it to make a fuel for example, into a methanol 
+ drainage system. Therefore, it becomes unnecessary to take into consideration the acid 
resistance of a fuel cell component, and contributes to cost reduction. Moreover, the life property 
of a component also improves. Furthermore, in water **** by which the thin films 28 and 31 
which have proton conductivity are represented with Nafion 117, even if it supplies a fuel (for 
example, methanol + water or a dilute sulfuric acid) as a gas, fuel oxidation catalyst ability can 
be demonstrated by membranous absorptivity. 

[0131] Next, the example and its evaluation result of the fuel cell which is the first of the purpose 
of this invention and which was simplified and miniaturized are described. 
[0132] It produced in the way which shows below the liquid fuel cell which has the configuration 
shown in example 1 drawing 1 . First, an average aperture is 20 micrometers. An average 
aperture is 30 micrometers while using the porous body which is 60mmx50mm as a fuel 
electrode 2. The electrolyte plate 1 was pinched by these, using an isomorphism-like porous 
body as an oxidizer pole 3. Through the channel combination separator 5 made from a metal 
plate whose configurations of the oxidizing agent gas supply slot 7 are a depth of 0.7mm, and 
width of face of 10mm, the laminating of these was carried out so that the number of laminatings 
might be set to 10, and the stack 6 was produced. In addition, the abrasive paper polished and 
closed the hole of the field adjacent to the liquid fuel installation way 10 of the oxidizer pole 3. 
Moreover, the configuration of the liquid fuel installation way 10 was made into 1mm of 
clearances. 

[0133] Thus, when the mixed liquor of a methanol and a dilute sulfuric acid was introduced into 
the obtained liquid fuel cell as liquid fuel, liquid fuel was able to be supplied all over fuel 
electrode 2, and air was also able to flow smoothly, and the cell reaction was able to be advanced 
good. 

[0134] Moreover, when the oxide skin was prepared in the internal surface of the porous body 
used as a fuel electrode 2 and the fuel cell was produced similarly, liquid fuel could be supplied 
more smoothly and the cell reaction was able to be advanced still better. 
[0135] The following trials were performed in order to measure improvement in the capillary 
force by formation of an oxide skin. As the clearance between both plates was set to 1mm in the 
copper plate of two sheets in which the oxide skin was formed on the front face, the simulation 
fuel installation way was produced, it was immersed into the methanol and this was compared 
with the case of a copper plate without an oxide skin. Consequently, in the copper plate which 
has an oxide skin, the rise height of a methanol became about 5 times of the rise height of a 
copper plate without an oxide skin. Moreover, when time amount until a methanol goes up to the 
same distance was measured, the copper plate which has an oxide skin was about 1 of copper 
plate without oxide skin/8. Next, an average aperture is 20 micrometers. After forming an oxide 
skin in the internal surface of a nickel porous body, the oxide skin of front faces other than a side 
face was removed by polishing, this was immersed into the methanol, and time amount until a 
methanol goes up to the height whose rise height of a methanol is 10mm was measured. 
Consequently, in nickel porous body which has an oxide skin, compared with nickel porous body 
without an oxide skin, it was about 3 times the rise height of this, and time amount was about 
1/5. The above test result shows that formation of an oxide skin is effective in improvement in 
capillary force. 
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[0136] Furthermore, in the above-mentioned liquid fuel cell, as shown in drawing 9 , while 
having arranged the seal member 14 made of Teflon rubber with a thickness of 5mm between 
fuel electrodes 2, as shown in drawing 1 1 , the liquid fuel cell was similarly produced by the cell 
bolting member 17 made of rubber except binding a stack 6(16) tight. When liquid fuel was 
similarly supplied to this liquid fuel cell, liquid fuel was not able to trespass upon the oxidizer 
pole 3, but the effectiveness of the seal member 14 was able to be checked. Moreover, there is 
also no slack between stack component parts, and the usefulness of the cell bolting member 17 
has been checked. 

[0137] In the example 2 above-mentioned example 1, the same liquid fuel cell (fuel cell shown 
in drawing 3 ) was produced except establishing the liquid fuel supply slot 12 with a depth [ of 

0. 5mm ], and a width of face of 0.5mm in the field by the side of the fuel electrode of the 
channel combination separator 5. When liquid fuel was similarly introduced to this liquid fuel 
cell, liquid fuel is smoothly supplied all over fuel electrode 2, and the cell reaction was able to be 
advanced good. 

[0138] It produced in the way which shows below the liquid fuel cell which has the configuration 
shown in example 3 drawing 4 . First, an average aperture is 20 micrometers. While forming the 
oxidant gas supply slot 7 with a depth [ of 0.7mm ], and a width of face of 10mm in the porous 
body which is 60mmx50mm, the abrasive paper polished and closed the hole of a slot forming 
face, and it considered as the fuel electrode 2. Moreover, an average aperture is 30 micrometers. 
The abrasive paper polished and closed the hole of one side face of an isomorphism-like porous 
body, and it considered as the oxidizer pole 3. The electrolyte plate 1 was pinched by these, the 
laminating was carried out and the stack 13 was produced so that the number of laminatings 
might be set to 10. In addition, the configuration of the liquid fuel installation way 10 was made 
into 1.5mm of clearances. 

[0139] Thus, when the mixed liquor of a methanol and a dilute sulfuric acid was introduced into 
the obtained liquid fuel cell as liquid fuel, liquid fuel was able to be supplied all over fuel 
electrode 2, and air was also able to flow smoothly, and the cell reaction was able to be advanced 
good. 

[0140] Moreover, like the example 1, when the effectiveness of an oxide skin and the 
effectiveness of the seal member 14 were checked, the good result was obtained like the example 

1 . Furthermore, the same result was obtained, when the oxidant gas supply slot 7 was formed in 
the oxidizer pole 3 and the same liquid fuel cell (fuel cell shown in dj a win g 5 ) was produced. 
[0141] Next, the example and its evaluation result of the fuel oxidation catalyst in this invention 
are explained. 

[0142] The thing which made heat treated conductivity carbon black Vulcan XC-72R (a trade 
name, Cabot Corp. make) which has the specific surface area of 100 m2 / g support a platinum 
catalyst 20% of the weight as a raw material of an example 4 fuel oxidation catalyst was 
prepared. The dilution Nafion solution (about 0.01 % of the weight of concentration) obtained by 
dialyzing the Nafion solution (the thing, about 5 % of the weight of concentration which melted 
Nafion 1 17 to the mixed solvent of lower alcohol and water) which made Nafion 1 17 (a trade 
name, Du Pont make) which is one of the perfluorocarbon sulfonic acid resin the shape of a 
solution on the front face of this fuel oxidation catalyst raw material is used, and it is about 1 
micrometer of thickness. The proton conductivity thin film was formed (it is hereafter called a 
qualification catalyst). 

[0143] The above-mentioned qualification catalyst was distributed with the supersonic wave in 
polytetrafluoroethylene drainage system suspension TFE-30 (a trade name, Du Pont make). 
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Next, 3 aluminum chlorides were added to this mixed suspension, and the condensation deposit 
of the floe was carried out. The mixed lump of the shape of cotton containing this qualification 
catalyst (it is 70% at dry weight criteria) and polytetrafluoroethylene was made to support on 
carbon paper, and was dried after the press, and it calcinated for 20 minutes at 300 degrees C 
among nitrogen, and considered as the electrode, the obtained electrode — per [ an electrode unit 
area (lcm2) ] — it adjusted so that 1.5mg platinum might be included. 

[0144] Thus, the fuel electrode half eel property was measured at 60 degrees C by using as liquid 
fuel the water solution which added the one-mol methanol to the one-mol sulfuric acid, using the 
obtained fuel electrode. Consequently, the limiting current density of a fuel electrode is 100 
mA/cm2. It excelled in the polarization property and the highly efficient thing has been checked. 
[0145] The fuel electrode was obtained like the example 4 except it, without covering the raw 
material of the same fuel oxidation catalyst as example of comparison 1 example 4 by the proton 
conductivity film, the place which measured the half eel property of the obtained fuel electrode 
like the example 4 — the limiting current density of a fuel electrode — 60 mA/cm2 it was . 
[0146] The same fuel oxidation catalyst as example 5 example 4 was prepared, and this fuel 
oxidation catalyst raw material was distributed with the supersonic wave in 
polytetrafluoroethylene drainage system suspension TFE-30 (a trade name, Du Pont make). 
Next, 3 aluminum chlorides were added to this mixed suspension, and the condensation deposit 
of the floe was carried out. The mixed lump of the shape of cotton containing this catalyst raw 
material (it is 70% at dry weight criteria) and polytetrafluoroethylene was made to support on 
carbon paper, and was dried after the press, and it calcinated for 20 minutes at 300 degrees C 
among nitrogen, and considered as the electrode base. 

[0147] Next, according to the procedure shown below, electrolytic polymerization was 
performed using the above-mentioned electrode base, and the thin film with which the proton 
conductivity monomer was held in the macromolecule network was formed on the surface of the 
catalyst. In addition, trifluoro methansulfonic acid was used as a proton conductivity monomer, 
using the poly aniline as a macromolecule network. First, the counter electrode and the above- 
mentioned electrode base were thrown in as a working electrode in the cell which held the 
electrolytic polymerization liquid which consists of mixed liquor of aniline 1 mol / 1, and 
trifluoro methansulfonic acid 2 mol / 1. It is 2 mA/cm2, keeping the temperature of electrolytic 
polymerization liquid at 0 degree C. It is 20 mA/cm2 to the pan after energizing for 5 minutes by 
constant current. It energized for 10 minutes by constant current, and electrolytic polymerization 
was performed. Thus, the thin film with which trifluoro methansulfonic acid was held was 
formed on the surface of the catalyst all over the poly aniline network, and the electrode for fuel 
electrodes was obtained. 

[0148] While using the electrode base produced like example 6 example 5, the thin film with 
which it replaced with the proton conductivity monomer of an example 5 in the macromolecule 
network, and the proton conductivity polymer was held was formed on the surface of the catalyst 
by the same electrolytic polymerization as an example 5. In addition, as a proton conductivity 
polymer, Nafion 117 (a trade name, Du Pont make) was used, using the poly aniline as a 
macromolecule network. The conditions of electrolytic polymerization presupposed that it is the 
same except changing trifluoro methansulfonic acid into Nafion 117. Thus, the thin film with 
which Nafion 117 was held was formed on the surface of the catalyst all over the poly aniline 
network, and the electrode for fuel electrodes was obtained. 

[0149] The fuel electrode half eel property of the electrode of the example 5 acquired by the 
above and an example 6 was measured like the example 4, respectively. Consequently, for the 
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limiting current density of the fuel electrode of an example 5, the limiting current density of the 
fuel electrode of 102 mA/cm2 and an example 6 is 95 mA/cm2. Each was excellent in the 
polarization property and the highly efficient thing has been checked. 
[0150] According to the procedure shown below, electrolytic polymerization was performed 
using the electrode base produced like example 7 example 5. In addition, the macromolecule 
network and the proton conductivity monomer were taken as an example 5 and this quality of the 
material. First, aniline 1 mol / 1, and fluoroboric acid In the cell which held the electrolytic 
polymerization liquid which consists of two mols [ /] mixed liquor 1., the counter electrode and 
the above-mentioned electrode base were thrown in as a working electrode, and electrolytic 
polymerization was performed on the same conditions as an example 5. Thus, the poly aniline 
network film was formed on the surface of the catalyst. 

[0151] thus, the water solution which added the one-mol methanol to the one-mol sulfuric acid, 
using the obtained fuel electrode - trifluoro methansulfonic acid — 1 vol% - the fuel electrode 
half eel property was measured at 60 degrees C by using as liquid fuel what was added. 
[0152] the water solution which added the one-mol methanol to the one-mol sulfuric acid while 
using the electrode produced like example 8 example 7 — Nafion 1 17 — 1 vol% - the fuel 
electrode half eel property was measured at 60 degrees C by using as liquid fuel what was added. 
[0153] the limiting current density of an example 7 and an example 8 - swerving — ** 98 
mA/cm2 and 93 mA/cm2 it is - all were excellent in the polarization property and the highly 
efficient thing has been checked. 

[0154] Using the electrode base produced like example 9 example 5, according to the procedure 
shown below, the example 5 performed electrolytic polymerization, impressing a difference 
rectangular pulse current a little, and formed the thin film with which the proton conductivity 
monomer was held in the macromolecule network on the surface of the catalyst. In addition, 
trifluoro methansulfonic acid was used as a proton conductivity monomer, using the poly aniline 
as a macromolecule network. First, the counter electrode and the above-mentioned electrode base 
were thrown in as a working electrode in the cell which held the electrolytic polymerization 
liquid which consists of mixed liquor of aniline 1 mol / 1, and trifluoro methansulfonic acid 2 
mol / 1 . A rectangular pulse current is used keeping the temperature of electrolytic 
polymerization liquid at 0 degree C, and it is energization quantity of electricity of 5m. A 
coulomb / cm2 Pulse electrolytic polymerization was performed. As conditions at this time, they 
are current density 5 mA/cm2, pulse on time 5msec, and pulse off time 20msec (duty cycle: 0.2). 
Thus, the thin film with which trifluoro methansulfonic acid was held was formed on the surface 
of the catalyst all over the poly aniline network, and the electrode for fuel electrodes was 
obtained. 

[0155] While using the electrode base produced like example 10 example 9, the thin film with 
which it replaced with the proton conductivity monomer of an example 9 in the macromolecule 
network, and the proton conductivity polymer was held was formed on the surface of the catalyst 
by the same electrolytic polymerization as an example 9. In addition, as a proton conductivity 
polymer, Nafion 117 (a trade name, Du Pont make) was used, using the poly aniline as a 
macromolecule network. The conditions of electrolytic polymerization presupposed that it is the 
same except changing trifluoro methansulfonic acid into Nafion 117. Thus, the thin film with 
which Nafion 117 was held was formed on the surface of the catalyst all over the poly aniline 
network, and the electrode for fuel electrodes was obtained. 

[0156] the place which measured the fuel electrode half eel property of the electrode of the 
example 9 acquired by the above, and an example 10 like the example 4, respectively — the 
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limiting current density of these fuel electrodes — swerving - ** 105 mA/cm2 and 103 mA/cm2 
it is — all were excellent in the polarization property and the highly efficient thing has been 
checked. 

[0157] According to the procedure shown below, electrolytic polymerization was performed 
using the electrode base produced like example 11 example 5. In addition, the macromolecule 
network and the proton conductivity monomer were taken as an example 9 and this quality of the 
material. First, the counter electrode and the above-mentioned electrode base were thrown in as a 
working electrode in the cell which held the electrolytic polymerization liquid which consists of 
mixed liquor of aniline 1 mol / 1, and fluoroboric acid 2 mol / 1, and electrolytic polymerization 
was performed on the same conditions as an example 9. Thus, the poly aniline network film was 
formed on the surface of the catalyst. 

[0158] thus, the water solution which added the one-mol methanol to the one-mol sulfuric acid, 
using the obtained electrode — trifluoro methansulfonic acid - 1 vol% — the fuel electrode half 
eel property was measured at 60 degrees C by using as liquid fuel what was added. The property 
that this half eel property is almost equivalent to an example 7 was acquired. 
[0159] the water solution which added the one-mol methanol to the one-mol sulfuric acid while 
using the electrode produced like example 12 example 11 - Nafion 117 — 1 vol% - the fuel 
electrode half eel property was measured at 60 degrees C by using as liquid fuel what was added. 
The property that this half eel property is almost equivalent to an example 8 was acquired. 
[0160] Liquid fuel and oxidant gas can be supplied smoothly, without using a pump, Blois, etc. 
according to the fuel cell of this invention, as explained above. Thereby, simplification of a 
system and the simplification of structure can be attained and it becomes possible to offer the 
small fuel cell made difficult therefore conventionally. 

[0161] The embodiment of this invention about discharge of the water generated with actuation 
of the second of the purpose of this invention of a fuel cell is described below. 
[0162] An example of a small fuel cell which was suitable for the invention in this application 
using the drawing is shown. 

[0163] The perspective view showing an example of the structure of a small fuel cell is shown in 
drawing 21 . It consists of a water recovery room 35 for making easy fundamentally recovery 
and diffusion of the body 32 of a fuel cell, and a fuel cartridge, 33 and the fuel diffusion room 34 
and the generated water. Hereafter, these contents of a configuration are explained to a detail. 
[0164] The perspective view of the body 32 of a fuel cell is shown in drawin g 22 . The body 32 
of a fuel cell has the structure by which the laminating was carried out where the laminating of 
the generation-of-electrical-energy section of a fuel cell as shown in drawing 22 was carried out. 
it is shown in dr.; v. ing 22 — as — the body 32 of a fuel cell - an electrolyte 36, a fuel electrode 
37, and the oxidizer pole 38 — since — the laminating of the becoming electromotive section is 
carried out, and each electromotive section has composition separated with the separator 39. 
[0165] The oxidizer pole 38 consists of the porous body in order to absorb the generated water. 
Moreover, in order that a fuel electrode 37 may also supply a fuel without special power, it is 
desirable when considering as porous body structure and performing liquid fuel supply of a 
methanol etc. using capillarity miniaturizes a fuel cell. 

[0166] Moreover, in drawing 21 , 35 is a water recovery room, is a part to which that it is harder 
makes recovery of the generated water easy, and arranges a porous body (water recovery wick) 
in this. 

[0167] The water recovery wick is prepared so that the oxidizer pole 38 may be touched. 
Moreover, as for the water recovery wick, the porous body with an average pole diameter 
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smaller than an oxidizer pole is used. 

[0168] Fuel supply is performed using the fuel cartridge 33. The sectional view of the fuel cell 
shown in dra 1 » at drawing 21 is shown. A cartridge 33 can be divided into two rooms, the 
fuel storage space 40 and the water storage space 41, and the water generated from a fuel (water 
is included in coincidence by the need) and the body of a fuel cell, respectively can be put in. 
The porous body which consists of inorganic or organic fiber is beforehand put into the interior 
41 of water storage space. When said wick of water recovery indoor 35 equips a fuel cartridge, it 
is made to touch the water maintenance wick of the water storage space 410 in a fuel cartridge. 
At this time, a water maintenance wick uses a porous body with an average pole diameter 
smaller than said water recovery wick. 

[0169] Finally the water generated by taking such structure is collected to the fuel cartridge 33. 
Although the water recovery room 35 does not need to exist independently and it can also form 
into the structure of the body of a fuel cell, a water recovery wick needs to arrange in it even in 
this case. 

[0170] It is desirable to make it the structure which it shows below in carrying out also about 
supply of a fuel using capillarity on the other hand. The fuel diffusion room 34 is established in 
the fuel installation side face of the body of a fuel cell, and the wick which consists of inorganic 
or organic fiber is put in into this. The wick is in contact with the fuel installation side of a fuel 
electrode, and once the fuel supplied from a fuel cartridge is supplied to the wick of this fuel 
diffusion room 34, it is distributed to a fuel electrode in an operation of a capillary tube. In 
addition, the fuel diffusion room 34 does not necessarily need to exist separately from the body 
of a fuel cell, and may be formed into the structure of the body of a fuel cell. Moreover, it is not 
necessary to necessarily arrange a fuel diffusion wick, and the fuel of a liquid condition may be 
directly sent to the fuel installation side of the body of a fuel cell. 

[0171] As for a fuel cartridge which was mentioned above, it is desirable to consider as the 
structure in which wearing and desorption are free at the body of a fuel. When it equips, the fuel 
diffusion wick of a fuel diffusion room contacts fuel storage space, a fuel is supplied, and it 
considers as the structure where the water recovery wick of a water recovery room and the water 
maintenance wick of water storage space can contact coincidence. On the contrary, when 
desorption is carried out, it considers as the structure which those contact is broken off, a fuel 
distribution room and water recovery room side is intercepted a fuel cartridge side, and each can 
intercept with the external world. 

[0172] The porous body (wick) used for supply of a fuel or recovery of water in the above forms 
has the structure of attracting a liquid, in the operation of a capillary tube, i.e., an operation of 
surface tension, at this time, is arranging each porous body so that the value of that average pole 
diameter may become small gradually toward the direction of liquid flow, and can make liquid 
flow smooth. The force in which that an average pole diameter becomes small pulls a liquid with 
surface tension so much becomes large. Therefore, if a porous body is arranged continuously and 
it is made for the average pole diameter of each porous body to become small gradually, a fluid 
will flow smoothly toward the direction. 

[0173] In this case, it is related with a fuel-supply path, and is 100 micrometers about the 
average pole diameter of fuel diffusion wicks (inorganic, organic fiber, etc.). It is 30 micrometers 
about extent and a fuel electrode (metal porous bodies, such as nickel). It considers as extent. On 
the other hand, it is related with the recovery path of water and is 50 micrometers about the 
average pole diameter of an oxidizer pole (metal porous bodies, such as nickel). Considering as 
extent, water recovery wicks (inorganic, organic fiber, etc.) are 30 micrometers. It is what is 
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considered as extent, and a flow to the required direction can be smoothly performed about each 
fluid. The average pole diameter of these wicks is changeable suitably according to the engine 
performance of the fuel cell which should be made to hold. 

[0174] Moreover, as for the porosity of a porous body, it is desirable at this time to arrange so 
that it may become large gradually toward the flow direction of a fluid. If porosity becomes 
large, the volume of the fluid which can be held in porosity increases and passing speed of a 
fluid can be made prompt. However, it is related with a porous body and an average pole 
diameter (D), specific surface area (Sp), and porosity (E) are D=(l/Sp) - (4E/(1-E)). 
It is in ****** and it is necessary to select the specific surface area and the porosity of the 
appearance and the porous body which fill the above-mentioned relational expression. 
[0175] Although the small fuel cell which collects the collected water from an oxidizing agent 
pole in the water storage space in a fuel cartridge was shown in the example of a configuration of 
the above-mentioned above-mentioned fuel cell, the water collected depending on the case may 
be made to dissipate in the exterior of a fuel cell. 

[0176] The perspective view showing an example of the configuration of the small fuel cell in 
the case of making the water collected from the oxidizer pole to drawin g 24 dissipate outside is 
shown. 

[0177] Specifically, it consists of the body 32 of a fuel cell, the fuel cartridge 33 and the water 
dissipation device 43, and the power machine 44 water recovery room 35 (not shown). 
Moreover, the terminal 42 of the positive electrode of a pair and a negative electrode is arranged 
in the suitable location. The laminating of the g electromotive section which consists of the fuel 
electrode with which the body 32 of a fuel cell is shown in drawing 22 , an oxidizer pole, and an 
electrolyte layer is carried out. 

[0178] The water dissipation device 43 has contained the device for making the water generated 
on the oxidizer pole dissipate. The power machine 44 has contained the power machine for 
operating a water dissipation device, or the electronic circuitry. Drawing 25 shows the cross 
section at the time of disconnecting the fuel cell which looked at drawing 21 from the direction 
of the fuel cartridge 33 in the location where the body 1 of a fuel cell exists. 
[0179] 4 is a water recovery room, is a part for making easy recovery and diffusion of the water 
generated on the oxidizer pole, and arranges a porous body (wick) in this. The water recovery 
wick is prepared so that an average pole diameter may be smaller than an oxidizer pole and the 
oxidizer pole in the body 32 of a fuel cell may be touched. 

[0180] Both steam and water are contained and, as for the water sent to the water recovery room 
35 shown in drawing 25 , the abundance ratio changes with service conditions of a fuel cell. 
Since it dissipates as it is about a steam, it is satisfactory, and considering as the problem now 
generates with the gestalt of water. It is made for porosity to become 50% or more, and the 
porous body (water recovery wick) made to exist in the water recovery room 35 is made into the 
situation that the water captured between porosity according to the water diffusion device tends 
to dissipate. 

[0181] As a dissipation device 43 of water, it has a small cross flow fan, and the approach of 
operating this and dissipating water can be applied. 

[0182] Moreover, it may have the oscillating component which consists of a piezo electric 
crystal instead of a small cross flow fan, and generation water may be made to dispel by the 
vibration. 

[0183] Moreover, prepare heater ability, some generation water is made to heat, volume 
expansion is carried out, thereby, a drain valve may be operated and the remaining generation 
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water may be made to discharge compulsorily. 

[0184] Although the oscillating component which consists of a piezo electric crystal makes 
generation water dispel, since it is not made to evaporate, heat of vaporization is not needed. The 
oscillating component itself which consists of a piezo electric crystal can be extremely followed 
on a small thin shape. Therefore, the description that it is efficient small is not spoiled. 
[0185] in the approach of making some generation water evaporating, as compared with making 
all evaporate, it is markedly alike, and ends with little energy. 

[0186] Next, in order to be smoothly operated by the fuel cell of a configuration of having so far 
stated, the detailed structure of a desirable fuel electrode, an electrolyte layer, and an oxidizer 
pole is shown in drawing 26 . 

[0187] About a fuel electrode 37, the introductory field 45 of a fuel is made only into one side 
face among four side faces except the direction which carries out a stack, and forms two or more 
slots 46 for missing carbon dioxide gas towards the direction of the field which counters from 
this field from the middle on the fuel electrode 37 flat surface which touches the electrolyte layer 
36. A fuel is smoothly carried with a capillary tube, and diffuses the inside of a porous body on 
the whole surface, and the carbon dioxide gas produced by the reaction is carried outside through 
a slot 46. In this case, in order that a fuel may prevent revealing to the exterior, the surface hole 
of other three side faces 47, 48, and 49 in which fuel supply is not performed is blockaded. 
[0188] On the other hand, although the oxidizer pole 38 is also constituted from same porous 
body, it blockades completely and the hole of the front face of the side face 50 same in this case 
as the direction where the fuel of a fuel electrode is introduced prevents penetration of the fuel 
from this field. And two or more slots 5 1 are formed in the direction which goes to the oxidizer 
electrode face of the side which touches the electrolyte layer 36 direct, and the infeed of this slot 
is formed so that it may arrive up to three side faces 52, 53, and 54 other than the side face which 
blockaded the hole. These three side faces are for incorporating air, and actually incorporate air 
from two or more side faces before long at least. The water generated here on the oxidizer pole is 
missed from the field which blockaded the hole of a porous body, and the side face (54 [ in this 
case ]) of one The structure which adopts air from three side faces is for raising the 

concentration of oxygen and gathering an oxidizer pole reaction rate later than a fuel electrode 
reaction. 

[0189] In the above, the example of a small fuel cell including recovery of the water produced to 
the oxidizer pole of the invention in this application and discharge has been described. In the 
above-mentioned example, it has structure which all used the fuel cartridge for supply of the fuel 
to the body of a fuel cell, and was suitable for small and a pocket device. 
[0190] To the electrical potential differences needed by the device differ and require a high 
electrical potential difference, it is necessary to make the number of the electromotive sections of 
the fuel cell which carries out a laminating increase. Or depending on a device, a fuel cell may 
not be substituted only for arrangement of an example from the demand to the configuration of a 
generation-of-electrical-energy object. In that case, as shown in drawing 27 , it considers as the 
structure where the fuel-supply sides of the body 32 of a fuel cell gather, and the fuel diffusion 
room 34 there is installed in the perimeter of the stowed position of the fuel cartridge 33. By this, 
while the path of fuel supply becomes short, the distance from the water recovery room 35 also 
becomes near, and a reliable generation-of-electrical-energy object is acquired. 
[0191] Without using special power according to the invention in this application, the water 
generated to oxidizer best quality is removed by whether you are Sumiya, and can make 
operation of a fuel cell maintain efficiently. 
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[0192] When especially a solid-state poly membrane is used as an electrolyte, operating 
temperature is 100 degrees C or less, and although the water to generate is almost liquid, 
according to this invention, especially the moisture of a liquid condition can be removed you to 
be Sumiya. Moreover, also when it moves [ make / leaning a fuel cell, / it / reverse ], scattering 
and a back flow of the once collected water can be prevented, and serves as small and a fuel cell 
for which it was suitable as a power source of a portable equipment. 

[0193] Moreover, as mentioned above, since the fuel cell using the fuel-supply method which 
used the capillarity by the porous body also for supply of a fuel does not need power special to 
supply of a fuel, and discharge of water, the miniaturization of it is attained much more. 
[0194] Invention for attaining the 3rd puipose of this invention It has the electromotive section 
which has the electrolyte layer pinched by a fuel electrode, an oxidizer pole, and these two 
electrodes. [ whether two or more electromotive sections are connected to a serial, and a fuel is 
supplied from the fuel passage where the fuel electrode of each electromotive section is 
common, and the electrode surface of the fuel electrode of each electromotive section faces said 
fuel passage, and ] Or it is the fuel cell of the structure where an oxidizer is supplied from the 
oxidizer passage where the oxidizer pole of each electromotive section is common, and the 
electrode surface of the oxidizer pole of each electromotive section faces said oxidizer passage, 
and is the fuel cell characterized by said electrolyte layer containing absorptivity or the water 
retention matter. 

[0195] The block diagram of the fuel cell illustrated to drawing 28 explains below. 
[0196] It has the electromotive section which has the electrolyte layer pinched by the fuel 
electrode concerning this invention, an oxidizer pole, and these two electrodes. [ whether two or 
more electromotive sections are connected to a serial, and a fuel is supplied from the fuel 
passage where the fuel electrode of each electromotive section is common, and the electrode 
surface of the fuel electrode of each electromotive section faces said fuel passage, and ] With or 
the fuel cell of the structure where an oxidizer is supplied from the oxidizer passage where the 
oxidizer pole of each electromotive section is common, and the electrode surface of the oxidizer 
pole of each electromotive section faces said oxidizer passage For example, the electromotive 
section 55 which is shown in drawing 28 and which consists of an oxidizer pole 38, a fuel 
electrode 37, and an electrolyte layer 60 like The structure linked to a serial is mentioned by 
connecting the fuel electrode 37 of the electromotive section 55 which arranged lining up side- 
by-side like, and adjoined each other which has a fuel electrode on the same side, and the 
oxidizer pole 38 with the conductor 57 for connection. In the cell of such structure, a fuel is 
supplied to the electrode surface of a fuel electrode 37 from the fuel passage 58 where both the 
electromotive section is common. Moreover, the air which is an oxidizer is supplied to the 
electrode surface of the oxidizer pole 38 from the oxidizer passage 59 common to both the 
electromotive section. 

[0197] Moreover, in addition to this, the fuel cell of structure which connected the cylindrical 
electromotive section to the serial is mentioned. The cross-section block diagram of another fuel 
cell built over this invention at drawing 29 is shown. The electromotive section 55 is cylindrical 
and the fuel electrode 37 electrolyte layer 36 and the oxidizer pole 38 are formed from the 
cylindrical inside. 

[0198] The one electromotive section 55 is repeatedly constituted so that the fuel electrode 37 
which has the outside oxidizer pole 38 inside another electromotive section may be touched. In 
the fuel cell of such structure, a fuel is supplied to the fuel passage 58 formed inside cylindrical, 
and is supplied to the electrode surface of a fuel electrode 37. The air which is an oxidizer is 
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supplied to the oxidizer pole 38 from a cylindrical outside. Moreover, a fuel electrode is made 
into a cylindrical outside, an oxidizer pole is made into a cylindrical outside, and there is also 
structure which supplies a fuel from a cylindrical outside. 

[0199] The perspective view of another fuel cell built over this invention at drawing 44 is shown. 
[0200] The one electromotive section 55 is cylindrical and the fuel electrode 37, the electrolyte 
layer 36, and the oxidizer pole 38 are formed from the cylindrical inside. Two or more 
electromotive sections 55 of the shape of such a cylinder are connected to the serial by the 
conductor 57 for connection. In the fuel cell of such structure, a fuel is supplied to the fuel 
passage 58 formed inside each electromotive cylinder-like section, and is supplied to the 
electrode surface of a fuel electrode 37. The air which is an oxidizer is supplied to oxidizer pole 
38 front face from the oxidizer passage 59 common to each electromotive section of a cylindrical 
outside. Moreover, in the fuel cell of the structure which put the electromotive cylinder-like 
section in order in this way, a fuel electrode is made into the outside of this cylinder, an oxidizer 
pole is constituted so that it may become a cylindrical outside, and there is also structure which 
supplies a fuel from fuel passage common to each electromotive section of a cylindrical outside. 
[0201] It is unescapable to make water and an electrolyte mix in reacting matter, such as a fuel 
conventionally supplied to a fuel electrode or an oxidizer supplied to an oxidizer pole, and in 
order to act as an electrolyte with which these serve as ionic conduction support, in the fuel cell 
of the usually above configurations, it has considered as what cannot remove the electrical- 
potential-difference loss between two or more electromotive sections, either. 
[0202] It is characterized by using the thing which made the absorptivity or water retention 
matter which moisture is supplied and held [ matter ] in [ other than the compound which has the 
ion exchange ability which is the quality of a main truss product of the usual electrolyte as an 
electrolyte layer of the electromotive section ] the film , or may pass moisture according to a 
concentration gradient coexist in the invention in this application as a means to solve this 
problem . 

[0203] A mimetic diagram explains the configuration and device of the electrolyte layer used for 
the fuel cell of this invention. The structure illustration of an electrolyte layer using the solid- 
state macromolecule of proton conductivity is shown in drawing 30 . In drawing 30 , as for the 
electrolyte layer 60, absorptivity or the water retention matter 62 is held in the solid-state 
polyelectrolyte 61. 

[0204] The mimetic diagram of the mass transfer within this electrolyte is shown in draw ing 31 . 
The electrolyte layer which starts this invention so that clearly [ in drawing 3 1 ] is maintained at 
the condition that the water generated on the oxidizer front face is absorbed promptly, and 
reacting matter can always be contacted at an electrode in order to show absorptivity thru/or 
water retention itself by work of absorptivity or the water retention matter, and the work which 
prevents desiccation on the inside of the film and the front face of a fuel electrode to coincidence 
also shows it while it shows the ion (proton) conductivity of solid polymer electrolyte original. 
[0205] That is, the proton generated by the fuel electrode side is conveyed to a participating 
agent pole side (the direction of an arrow head 63) by the proton conductivity of a solid-state 
polyelectrolyte. Moreover, the water generated by the oxidizer pole side is sent by work of 
absorptivity or the water retention matter in a fuel electrode front face and an electrolyte like an 
arrow head 64, and moisture is held. 

[0206] The electrolyte layer which starts this invention as mentioned above absorbs promptly the 
water generated on one electrode catalyst front face in order to show absorptivity thru/or water 
retention itself, both, the absorbed water for which a catalyst front face is maintained at the 
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condition that the active substance can always be contacted diffuses the inside of an electrolyte 
according to a concentration gradient, and the work which prevents desiccation of the electrode 
surface of another side also shows it. The outstanding property in which the electrolyte itself can 
furthermore maintain ionic dissociation effective have [ no addition of the moisture from the 
outside ] always and an ionic conduction property in this process is shown. 
[0207] Therefore, in the fuel electrode using this electrolyte layer, since the water which could 
supply water into the electrolyte, without making water mix into the reacting matter to supply, 
and was produced on the oxidizer pole is absorbed by whether you are Sumiya, it can suppress 
ionic conduction other than an electrolyte layer small. 

[0208] As the absorptivity concerning this invention, or water retention matter, gel compounds, 
such as water absorbing polymer compounds, such as starch, an acrylonitrile copolymer, bridge 
formation acrylate, and bridge formation polyethylene oxide, a silica hydrogel, and conversion 
protein (gelatin), etc. can be used. 

[0209] Moreover, in the case of a solid-state polyelectrolyte, as an electrolyte, the remarkable 
effectiveness of the invention in this application is acquired. 

[0210] As a solid-state polyelectrolyte, it is a perfluorocarbon-sulfonic-acid polymer (trade 
name: the cation exchange membrane of the polystyrene system which has a Nafion (U.S. Du 
Pont shrine make) sulfonic group is mentioned.) as a proton conductivity solid-state 
polyelectrolyte. By using such the electromotive section, the fuel cell which is the configuration 
of more than the amount of unescapable mixing having not contained the matter which acts as an 
electrolyte into any [ of the reacting matter supplied to the oxidizer pole and fuel electrode which 
are the main point of this invention ], and having connected the edge of two or more 
electromotive sections to the serial mutually is realizable. 

[0211] Next, in order to prevent an approach, and mixing of reacting matter and the leakage 
current which carry out direct continuation of the charge collector of each generation-of- 
electrical-energy component with welding, electroconductive glue, etc. as an approach of 
connecting mutually the edge of two or more generation-of-electrical-energy components to a 
serial, in case the approach of connecting through an electric conduction plate etc. or the 
electromotive section is produced, the approach of making unify so that series connection may 
be carried out beforehand, and producing two or more electromotive sections etc. can be 
adopted. 

[0212] Furthermore, in order to suppress the leakage of an electrolyte in these approaches, it is 
also effective to give the connection part of two or more electromotive sections a water-repellent 
finish. 

[0213] Next, invention about the 4th of the purpose of this application is explained below. This 
invention supplies carbon content fuels, such as a methanol, to a fuel electrode directly. For 
example, it is for controlling poisoning on the front face of a fuel electrode which starts a 
methanol fuel cell, and is produced in a fuel electrode when [ said ] carbon content fuel supply is 
carried out. 

[0214] Invention about the 4th purpose of this application is a fuel cell characterized by having 
the device to which polarization of the fuel electrode is carried out anodicly in the fuel cell 
equipped with the electrolyte layer pinched by a fuel electrode, an oxidizer pole, and these two 
electrodes. 

[0215] That is, in this invention, when the poisoning product on the front face of a fuel electrode 
is produced at the time of operation of a fuel cell, a counter electrode is connected to a fuel 
electrode, polarization is carried out anodicly, and oxidation removal of said poisoning product is 
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carried out. It becomes the fuel cell with which the output which carried out long duration 
stability is obtained by that cause. 

[0216] In the fuel cell, two or more electromotive sections which consist of a fuel electrode and 
an oxidizer pole electrolyte pole are further usually connected and used for the serial. In this 
case, it is desirable to carry out rotation of said polarization actuation for every generation-of- 
electrical-energy section, and to perform it. A poisoning product can be removed without 
interrupting operation. 

[0217] An example is explained about the fuel cell of this invention which attains the 2nd, 3rd, 
and 4th purposes of this invention below. 

[0218] The fuel cell **** generation-of-electrical-energy object as shown in example 13 drawing 
24 was constituted. As rating, it considered as the capacity (60 Whs) of lOh by operating 
potential 3V6W. The number of the electromotive sections by which the laminating was carried 
out into the body of a fuel cell is eight. The structure of each electromotive section is as being 
shown in drawing 22 . 

[0219] The solid-state polyelectrolyte 36 is 100 micrometers in thickness. Used trade name 
Nafion, the platinum catalyst was made to adhere to the front face of the both sides by the 
electroless deposition method, and optimum dose grant of the dispersion liquid of PTFE (Teflon) 
was carried out by the spray. The fuel electrode 37 and the oxidizer pole 38 of structure which 
are shown in dniwin^ 22 from the both sides are arranged, the fuel electrode 37 and the oxidizer 
pole 38 using the separator 39 which consists of a nickel plate use a porous body tabular [ nickel 
], and, for a fuel electrode, pore volume distribution is 40-60 micrometers. It is in the range and 
is 50 micrometers at a median. It has the average pole diameter of extent. A cathode is 50 
micrometers similarly. It has the average pole diameter of extent. In addition, the catalyst of 
platinum and PTFE of optimum dose were too given to the front face of the fuel electrode which 
touches a solid-state polyelectrolyte layer, and an oxidizer pole. The side face of the oxidizer 
pole in the same field as the field into which the fuel of a fuel electrode 37 is infiltrated, the 
solid-state polyelectrolyte film 36, and a separator 39 applies the protective coat of alcohol 
resistance (after blockading the hole of the field about an oxidizer pole), and it was made for 
alcohol not to invade from there. The sectional view of the fuel cell shown in drawing 25 at 
drawing 21 is shown. 

[0220] The fuel diffusion room 34 is a product made of resin, and puts the fuel diffusion wick 
which consists of a resin fiber porous body (it is the particle of quality-of-the-material phenol 
resin, and the composite material of polyester cloth textile fabrics, and is the average pole 
diameter of 100 micrometers extent) into this interior. On the other hand, the water recovery 
room 35 inserts the water recovery wick of the resin porous body (average pole diameter of 40 
micrometers extent, about 50% of porosity) of the same ingredient too. The cross flow fan was 
used as a water dissipation device 43. 

[0221] Methanol: water =1:2 were put into the fuel cartridge by the number ratio of mols (water 
was made into the amount of double in order to hold a solid-state polyelectrolyte sentimentally, 
although it is 1:1 theoretically). 

[0222] As an example 2 of example of comparison 2 comparison, the following generation-of- 
electrical-energy objects were constituted. That is, although it is the generation-of-electrical- 
energy object of the same configuration as an example 13, the average pole diameter of the 
oxidizer pole 38 and a water recovery wick is 50 micrometers too. The used fuel cell of structure 
was constituted. 

[0223] As an example 3 of example of comparison 3 comparison, the following generation-of- 
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electrical-energy objects were constituted. That is, although it was the generation-of-electrical- 
energy object of the same configuration as an example 13, a different fuel cell in that a water 
recovery wick was not attached was constituted. 

[0224] The result of having operated the above cell by 2A discharge in ordinary temperature is 
shown in drawing 32 . In the example 2 of a comparison, and the example 3 of a comparison, 
discharge was completed for a short time and the property as rated did not come out. Since water 
piled up since the generated water was not removed from the body of a fuel cell quickly enough, 
and this prevented the consecutive reaction, it is considered. 

[0225] In the example 13, discharge of rated ****** wa s possible to these. Although the 
electrical potential difference fell little by little during discharge, it was like [ which is 
completely satisfactory ]. Furthermore, all fuels all used it. 

[0226] In addition, the ingredient stated in the above-mentioned example does not stop only at it, 
but many its ingredients are usable. For example, bulb metal ingredients, such as an alloy which 
used not only a nickel metal but an ingredient with acid resistance, for example, a stainless steel 
system ingredient, aluminum, or copper as the base or a tungsten, and titanium, are sufficient as 
the ingredient used for a fuel electrode or an oxidizer pole, and it should just be a porous body 
which consists of composite material, such as a carbon material or SiC, further. Or the ingredient 
which covered the front face of a resin porous body with the suitable acid-proof metal etc. is 
sufficient. In that case, as porosity, it is 1 to 100 micrometers as about 30 - 80%, and an average 
pole diameter. Extent is suitable, if it becomes below these lower limits - parenchyma -- it 
becomes impossible to realize sufficient porosity and a liquid ceases to sink in. Moreover, if a 
upper limit is exceeded, the mechanical strength of an ingredient will fall, and the porosity itself 
becomes large too much, and the semantics as a liquid maintenance ingredient is lost. 
[0227] Moreover, also about a wick, various things of the quality of the material are usable, and 
in order for the quality of the material of a hydrophilic property to carry a liquid in general, it is 
desirable. However, since it becomes the cause of short liquid junction or a short circuit in this 
case, there must not be no conductivity in the quality of the material. By resin, felt, such as 
phenol resin, polyester resin, and a natural cellulose, a nonwoven fabric, textile fabrics, etc. are 
desirable. As porosity, about 95% of an upper limit is [ a minimum ] desirable about 30% too. 
[0228] The amount of liquid maintenance on parenchyma falls, and liquid holding power 
declines and it stops in this case, playing the role of a wick below at a lower limit above a upper 
limit. 

[0229] The film was produced from the solution (Aldrich shrine make) of the solid-state 
polyelectrolyte film (trade name : Nafion: U.S. Du Pont shrine make) which consists of a 
perfluorocarbon-sulfonic-acid polymer of example 14 marketing, and the low-molecular- weight 
oligomer water solution of starch and a sodium polyacrylate polymer which is an absorptivity 
polymer. After film production mixed and developed both solutions on the glass plate so that a 
polyelectrolyte and an absorptivity polymer might become the solid content ratio 9:1, it was 
heat-treated and performed a conclusion and desiccation of a polymerization. 
Thermocompression bonding of the nickel mesh was carried out as the catalyst bed and charge 
collector which become both sides of this film from the mixture of platinum support carbon 
powder and carbon fluoride, and it considered as the electromotive section. 
[0230] In the example 14, these four electromotive sections were produced in dimension of 10cm 
and 3cm, each long edge side was connected through the nickel ribbon, and the generation-of- 
electrical-energy object of flat-surface 4 serial was produced. The facies of this generation-of- 
electrical-energy object are shown in drawing 33 . In drawing 33 , the electrolyte layer which a 
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fuel electrode becomes in 37 and an oxidizer pole and 60 become from a solid-state 
polyelectrolyte and an absorptivity polymer in 38, and 57 are conductors for connection which 
consist of a nickel ribbon. Drawing 34 is the sectional view showing the connection between the 
above-mentioned electromotive sections. For a fuel electrode and 38, as for an electrolyte layer 
and 56, in drawing 34 , an oxidizer pole and 60 are [ 37 / a charge collector and 57 ] the 
conductors for connection. The connection part of a charge collector 56 and the conductor 57 for 
connection gave a water-repellent finish by applying and carrying out printing of the Teflon 
dispersion 65. The simulation fuel cell was manufactured using this generation-of-electrical- 
energy object. The mimetic diagram is shown in drawing 35 . First, the above-mentioned 
generation-of-electrical-energy object 66 was contained in the simulation eel container 67, the air 
chamber 38 for supplying air and a fuel to electrode both sides, an air inlet 69, the air outlet 70 
and the combustion chamber 71, the fuel inlet port 72, and the fuel outlet 73 were formed, and 
the simulation fuel cell was created. Air and a fuel were supplied to electrode both sides, and the 
generation-of-electrical-energy property was examined. 

[0231] In the example 15 example 15, it gave a water-repellent finish by having been spreading - 
Burned and having carried out Teflon dispersion 65 all over the connection part between the 
electromotive sections of the generation-of-electrical-energy object produced like the example 
13, and the simulation fuel cell was produced. The mimetic diagram of the connection part in this 
case is shown in drawing 36 . 

[0232] As shown in an example 16 and drawing 37 , a nickel mesh was used in common between 
the two electromotive sections, and also the generation-of-electrical -energy object was made like 
the example 13, and this was made into the example 16. 

[0233] Open circuit voltage and 0.2 A/cm2 at the time of supplying hydrogen gas to the 
combustion chamber of the simulation fuel cell of examples 14-16, and supplying air to air 
above, The electrical potential difference at the time of energization is shown in Table 1. 
[0234] The result of having supplied the hydrogen gas which the combustion chamber was made 
passing in 80-degree C warm water using the same simulation fuel cell as an example 8, and also 
having measured the electrical potential difference by the same approach as an example 13 is 
written together to Table 1 except an absorptivity polymer not being included in an example of 
comparison 4 solid-state polyelectrolyte. 

[0235] The same generation-of-electrical-energy component as having used for example of 
comparison 5 examples 12-14 was cut in the dimension of 5cm.5cm, and it inserted with two 
porous sintering plates of nickel powder used as a positive/negative two-poles room. 4 sets of 
this were produced, on both sides of the nickel plate, the laminating was carried out in between [ 
each ], and the simulation fuel cell was produced. The electrical potential difference at the time 
of supplying hydrogen gas to a fuel electrode side, and supplying air to an oxidizer pole side also 
about this simulation fuel cell, is measured, and it is shown in Table 1 . 
[0236] 
[Table 1] 
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Moreover, the near dimension comparison about the simulation fuel cell of an example 14 and 

the example 4 of a comparison is performed, and a result is shown in Table 2. 

[0237] 
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As mentioned above, even if the fuel cell of this invention carries out the laminating of the 
generation-of-electrical-energy section of the same number, it turns out that more advantageous 
in volume and small it is a high voltage than the case where the humid reacting matter which can 
serve as the ion source which has been performed the laminating approach of a conventional type 
like the example of a comparison or conventionally is supplied. 

[0238] Furthermore, the electrical potential difference the case where supplied the methanol 
heated at 60 degrees C to the combustion chamber of the simulation fuel cell of an example 14, 
and direct conversion is performed, and at the time of adding the water of this volume to a 
methanol and performing the same generation of electrical energy is shown in Table 3. 
[0239] 



[Table 3] 
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As shown in Table 3, even when a fuel electrode methanol is supplied, it turns out that a fuel cell 
operates. Therefore, it is clear that the fuel cell's of this invention it is not necessary to supply the 
water leading to a loss of the electrical potential difference between each polar zone with a fuel, 
and an electrical-potential-difference loss can be reduced. 

[0240] an example 17 — the fuel cell first shown in drawing 38 was made as an experiment. The 
electromotive section 74 has structure which allotted the fuel electrode 76 and the oxidizer pole 
77 on both sides of the solid-state polyelectrolyte 75, and has formed the combustion chamber 71 
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and the air chamber 68 in the outside further, respectively. Moreover, in the combustion chamber 
71, the counter electrode 78 when carrying out polarization of the fuel electrode anodicly is 
installed. Here, the perfluorocarbon-sulfonic-acid polymer (trade name : Nafion: U.S. Du pont 
shrine make) of marketing of platinum to a solid-state polyelectrolyte was altogether used for the 
fuel electrode, the oxidizing agent pole, and the counter electrode. As ANORAITO, the water 
solution of methanol lmol / 1, and sulfuric-acid lmol / 1 was used. 

[0241] This eel is used and it is 20 mA/cm2. The discharge property was investigated with 
current density. At this time, discharge was interrupted every 100 minutes, polarization actuation 
during a bond and 3 minutes was performed for the fuel electrode 76 and the counter electrode 
78 to external DC power supply 79 of 2V, and the electrode was made to refresh. 
[0242] As example of comparison 6 comparison, the discharge property was investigated also 
about what does not perform this polarization actuation. 

[0243] A result is shown in drawing 39 . To output voltage declining and going with the passage 
of time, in the case of the example 5 which performed polarization actuation on the way, even if 
1000 minute passes, high output voltage is maintained in the example 6 of a comparison which 
discharged continuously. 

[0244] Example 18 The cell which carried out 10 eel laminating of the electromotive section of 
example of comparison 7 example 17 was made as an experiment. About this laminating eel, the 
discharge property was investigated on an example 17 and these conditions. However, in this 
case, only one removes refresh actuation from a discharge circuit, and it carried out polarization 
of the inside of each eel under discharge to the eel, and the remaining eels enable it to continue 
discharge, and carry out rotation of this actuation in each eel, and it was made for an output not 
to interrupt them. Moreover, the power source for polarization was taken from the eel which is 
carrying out the laminating, and was carried out as [ use / the external power source ]. The 
outline and circuit of a system are shown in drawing 40 . This drawing showed the example 
refreshed for No. 3 cel. That is, since a switch (A) was switched in order to remove No. 3 eel from 
a discharge circuit, and the fuel electrode of a eel was polarized further, the switch (B) was 
switched and juxtaposition was made to take and carry out fixed time amount polarization of the 
power source from the eel of No. 4, No.5, and No.6 during discharge. And low TESHON of this 
switching actuation was carried out in each eel which carried out the laminating. Polarization 
was performed for 5 minutes for for [ every ] 100 minutes like the example 11. In addition, the 
switching circuit in a drawing destructive line frame can be summarized to an integrated circuit, 
and can be miniaturized. 

[0245] Thus, the discharge property is shown in drawing 41 as the constituted cell and a 
comparison about (the example 7 of a comparison), and the thing which does not perform 
polarization actuation at all. 

[0246] In an example 18 as well as an example 17, even if 1000 minute passes, high output 

voltage is maintained continuously. 

[0247] 

[Effect of the Invention] As explained in full detail above, according to the invention in this 
application, the efficient fuel cell suitable for a miniaturization can be offered. 
[0248] That is, according to invention about the 2nd of the purpose of this application, the water 
produced on the oxidizer pole front face can be collected you to be Sumiya, without using 
special power. And since the back flow of the collected water, scattering, etc. do not arise even if 
it uses it as a power source of working, in order to absorb using a porous body, it is the structure 
for which it was suitable as a power source for small devices. 
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[0249] Moreover, according to invention about the 3rd of the purpose of this application, in the 
fuel cell of structures, such as a mold lining up side-by-side suitable for a miniaturization, and 
cylindrical, the loss of the electrical potential difference between the invention sections can 
decrease, and an efficient power source can be acquired. 

[0250] Moreover, when the methanol fuel which was suitable as a fuel of a small fuel cell is used 
according to invention about the 4th of the purpose of this application, the fuel cell with which 
poisoning on the front face of a fuel is stopped, and the output which carried out long duration 
stability is obtained can be realized. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 11 the part which shows the important section configuration of the fuel cell which has a 
separator by one example of this invention -- a notching perspective view. 
[Drawing 21 Drawing for explaining the modification of the channel combination separator 
shown in drawing 1 . 

[Drawing 31 the part which shows the important section configuration of other examples of the 
fuel cell which has the separator of this invention — a notching perspective view. 
[ Drawing 41 the part which shows the important section configuration of the fuel cell which 
excluded the separator by one example of this invention — a notching perspective view. 
[Drawing 51 the part which shows the important section configuration of other examples of the 
fuel cell which excluded the separator of this invention — a notching perspective view. 
[Drawing 61 the part which shows the important section configuration of the example of further 
others of the fuel cell which excluded the separator of this invention - a notching perspective 
view. 

[Drawing 71 the part which shows the important section configuration of the modification of the 
fuel cell shown in drawin g 3 - a notching perspective view. 

[Drawing 81 the part which shows the important section configuration of the modification of the 
fuel cell shown in drawing 4 — a notching perspective view. 

[Drawing 91 The sectional view showing the important section configuration of the example 
made to transform further the fuel cell shown in drawing 7 . 

[Drawin g 101 the part which shows the important section configuration of the modification of the 
fuel cell of this invention — a notching perspective view. 

[Drawing 111 the part which shows the bolting structure of the fuel cell of this invention — a 
notching perspective view. 

[Drawing 121 Drawing showing typically the configuration of the fuel cell which has the bolting 
structure of this invention. 

L0jl i .^.jj.!g..I.31 Drawing showing typically other examples of the bolting structure of the fuel cell 
by this invention. 

[Drawing 141 Drawing showing the modification of the bolting structure of the fuel cell shown in 

drawing 12 and drawing 13 . 

[Drawing 151 Drawing showing the example of further others of the bolting structure of the fuel 
cell by this invention. 

[Drawing 161 Drawing showing the example of further others of the bolting structure of the fuel 
cell by this invention. 

[Drawing I 7 ! Drawing showing the modification of cell bolting components. 

[Drawing 181 The sectional view showing the important section configuration of an example of 
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the fuel oxidation catalyst particle in the fuel cell of this invention. 

[Drawing 191 The sectional view showing the important section configuration of other examples 
of the fuel oxidation catalyst particle in the fuel cell of this invention. 
[ Drawing 20 j The sectional view for explaining the electrode reaction in the fuel oxidation 
catalyst used for the fuel cell of this invention. 

[Drawing 21] The perspective view showing the structure of a small fuel cell including the water 
recovery device of this invention. 
Dj n The perspective view of the body of a fuel cell used for the small fuel cell of 

drawing 21 . 

[Drawing 231 The sectional view showing the configuration of the small fuel cell of drawing 21 . 
[Drawing 24] The perspective view showing the configuration of a small fuel cell including the 
recycled water dissipation device of this invention. 

[Drawing 251 The sectional view seen from the direction according to configuration of the small 
fuel cell of drawing 21 . 

[Drawing 261 The perspective view showing the configuration of the fuel electrode of a small 
fuel cell including the water recovery device of this invention, an electrolyte layer, and an 
oxidizer pole. 

[Drawing 27] The perspective view showing the configuration of a small fuel cell including the 
recycled water dissipation device of this invention. 

[Drawing 281 The block diagram showing an example of the array configuration of the 
electromotive section of the fuel cell of this invention. 

[Drawing 291 The block diagram showing an example of the array configuration of the 

electromotive section of the fuel cell of this invention. 

[Drawing 301 The structure illustration of an electrolyte layer. 

[Drawing 311 The mimetic diagram showing the mass transfer in an electrolyte layer. 

[Drawing 321 The time amount-voltage characteristic Fig. of the fuel cell concerning the 

example 13 and the examples 3 and 4 of a comparison of this invention. 

[Drawing 331 The schematic diagram of the generation-of-electrical-energy object concerning an 
example 14. 

[Drawing 34] The schematic diagram of the connection part of the generation-of-electrical- 
energy object concerning an example 14. 

[Drawing 351 The sectional view of the simulation fuel cell concerning an example 14. 
[Drawing 361 The schematic diagram of the connection part of the generation-of-electrical- 
energy object concerning an example 15. 

[Drawin g 37] The schematic diagram of the connection part of the generation-of-electrical- 
energy object concerning an example 16. 

[Drawing 381 The circuit diagram showing the configuration of the fuel cell concerning an 
example 17. 

[Drawing 391 The time amount-voltage characteristic Fig. of the fuel cell concerning an example 
17. 

[Drawing 401 The circuit diagram showing the configuration of the fuel cell concerning an 
example 18. 

i Draw ing.41] The time amount-voltage characteristic Fig. of the fuel cell concerning an example 
18. 

it -I i The schematic diagram of the conventional fuel cell. 
[Drawing 431 The perspective view showing the laminated structure of a fuel cell. 
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[Drawing 44] The block diagram showing an example of the array configuration of the 
electromotive section of the fuel cell of this invention. 



[Translation done.] 



